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  1 
ǲɝɈ 
Ac  acetyl 
Anal.  elemental analysis 
aq.  aqueous 
Bn  benzyl 
Boc  tert-butoxycarbonyl 
brs  broad singlet 
Bu  butyl 
Calcd.  calculated 
cod  1,5-cyclooctadiene 
coe  cyclooctene 
Cy  cyclohexyl 
d  doublet 
dba  dibenzylideneacetone 
DBU  1,8-diazabicyclo[5.4.0]undec-7-ene 
dd  double doublet 
ddt  double double triplet 
DMA  N,N-dimethylacetamide 
DMF  N,N-dimethylformamide 
DMI  1,3-dimethyl-2-imidazolidinone 
DMSO  dimethylsulfoxide 
dppp  1,3-bis(diphenylphosphino)propane 
dq  double quartet 
 ǲɝɈ  
 
  2 
d.r.  diastereomeric ratio 
dt  double triplet 
EDG  electron-donating group 
EI  electron ionization 
eq  equation 
eq.  equivalent 
Et  ethyl 
EWG  electron-withdrawing group 
h  hours 
Hex  hexyl 
HMDS  hexamethyldisilazane 
HRMS  high resolution mass spectrometry 
Hz  hertz 
i  iso 
ICP  inductively coupled plasma 
IPr  1,3-bis(2,6-diisopropylphenyl)imidazol-2-ylidene 
LRMS  low resolution mass spectrometry 
m  meta 
m  multiplet 
M  mega 
M  molar 
Me  methyl 
min  minute 
 ǲɝɈ  
 
  3 
Ms  mesyl (methanesulfonyl) 
MS  mass spectrometry 
MS  molecular sieves 
MW  microwave 
n  normal 
NHC  N-heterocyclic carbene 
NMP  N-methylpyrrolidone 
NMR  nuclear magnetic resonance 
o  ortho 
p  para 
P5Cl  tetrakis[tris(dimethylamine)phosphoranylidenamino]phosphonium chloride 
Ph  phenyl 
Pin  pinacol 
Pr  propyl 
q  quartet 
quant.  quantitative 
quint  quintet 
r.t.  room temperature 
s  singlet 
sat.  saturated 
sext  sextet 
t  tertiary 
t  triplet 
 ǲɝɈ  
 
  4 
TBAF  tetra-n-butylammonium fluoride 
TBAT  tetrabutylammonium difluorotriphenylsilicate 
t-Bu-P4  1-tert-butyl-4,4,4-tris(dimethylamino)-2,2-bis[tris(dimethylamino) 
phosphoranylidenamino]-2l5,4l5-catenadi(phosphazene) 
tdd  triple double doublet 
Temp.  temperature 
THF  tetrahydrofuran 
TLC  thin-layer chromatography 
TMP  tetramethylpiperidide 
TMS  trimethylsilyl 
TMS  tetramethylsilane 
Ts  p-toluenesulfonyl 
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Scheme 1-1. One carbon homologation reaction with CO2 
  
 ȑ 1 ȏ ńɡ  
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Scheme 1-2. One carbon homologation reaction with formaldehyde 
 
 







 ȑ 1 ȏ ńɡ  
 
























 ȑ 1 ȏ ńɡ  
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Ń˄ÝɄ÷Ɋɿ(ǧċ#4é8ūĥƑ&ǘȝčǘçś(ʞǴ'é8ȡ> (Scheme 1-
5 to 1-7)˅[1-7]-[1-9] ƹȏʣ˄:7(çś' "(ȀȍȯƓ˄ƲɕɚȞ=ɖɶ9˅ 
 
Scheme 1-5. Copper-catalyzed carboxylation of acetylenes with CO2 under mild conditions 
 
 
Scheme 1-6. Potassium carbonate-mediated synthesis of 3-calboxylated indoles through a tandem  
  process 
 
 
Scheme 1-7. Sodium phenoxide-mediated hydroxymethylation of alkynyltrimethylsilanes by  




 ȑ 2 ȏ @V\(ÙǦǵʏÚǘȝŶ»çś  
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ȑ 2 ȏ @V\(ÙǦǵʏÚǘȝŶ»çś 























Scheme 2-1. Palladium-catalyzed carbonylation of acetylenes with CO 
  
 ȑ 2 ȏ @V\(ÙǦǵʏÚǘȝŶ»çś  
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 (3˄ʏÚǘȝ(Ƙ$"˄ĝ¼#ĥƑ'é8ūìȰ&ʏÚǘȝǈǺ:
96	'&˅ʈȈʓİɒę'69@V\,(ʏÚǘȝĂğÚçś$")˄
7'6"Ċõ:ʘɒę=ǫ9çśÈ(©#9 (Scheme 2-2, eq 1)˅[2-4] ȥ"Ċ
õ: Lu7˄Lange7'69ũǇ#)˄ʯĚªŝĉ˄ʯĚǄŉŝĉ˄ɋȝǩ=ƚ9
@V\'ʏÚǘȝ=Ŷ»#9&%˄ĉɯʇǫȖāĒľ'ŲĒ (Scheme 2-2, 











 ȑ 2 ȏ @V\(ÙǦǵʏÚǘȝŶ»çś  
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 ȑ 2 ȏ @V\(ÙǦǵʏÚǘȝŶ»çś  
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ɖɶ9 (Scheme 2-4)˅[1-7] 
 





$"ǫġǒ˄Ľă#(çśĊõ:"9 (Scheme 2-5)˅[2-8] 
 
  
 ȑ 2 ȏ @V\(ÙǦǵʏÚǘȝŶ»çś  
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 ȑ 2 ȏ @V\(ÙǦǵʏÚǘȝŶ»çś  
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Ö9$#hbIRj}Y(ƶȗìȰ#9$=Ɛ7' (Scheme 2-7, 
eqs 1 and 2)˅[2-11] Pan7)ČÚʘɒęěĄ˄@V\(GqIRÚçś(Œ˄@S
Úca~Cu=ǏÖ9$#a~@Y˂Ư(íŦ=ʅŦ (Scheme 2-7, eq 3)˅[2-12] 
 
  
 ȑ 2 ȏ @V\(ÙǦǵʏÚǘȝŶ»çś  
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 ȑ 2 ȏ @V\(ÙǦǵʏÚǘȝŶ»çś  
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 )3' 1 ǂă(ʏÚǘȝʮāǂ˄kDd@V\ 1a˄|CÚl\ 2a =ĉ
ɯ$˄Čĉ(Ʋɕ=Ɇ (Table 2-1)˅&7(Ċõ=åȪ'˄ɒę$")|CÚ
ʘ˄Ǖę$") DMA=ǫ.[2-4(a)]  80 °C#çś=Ɇ$;˄DBU˄ca~Cu t-
laIRb#).$>%ǺǵǢ 3aa Ŕ7:& (entries 1 and 2)˅ǘʏG~Cu=ǫ
ċí˄80 °C#)ȸė&èǦ# 3aa Ŕ7:94((˄ġǒ'9$çś).$>%ʁ
Ɇ& (entries 3 and 5)˅Ɖ˄ǘʏVRCu=ǫġǒ#çś=Ɇ	$˄45%(èǦ







 ȑ 2 ȏ @V\(ÙǦǵʏÚǘȝŶ»çś  
 
  17 
Table 2-1. Effect of bases 
 
 ȑ 2 ȏ @V\(ÙǦǵʏÚǘȝŶ»çś  
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 ƹ'èǦ(ñ=Ǻǵ$˄ʍ¡Ě(Ʋɕ=Ɇ (Table 2-2)˅ʍ¡Ě)|CÚʘ$ȓʒ
( 8 mol% ǫ˅N-n_QBK~]KGo˄Sv\L~R˄2,2’-ij~S'
)˄çś®ʁÙƩ)ɐĨ:& (entries 2-4)˅Ɖ˄pTkAʍ¡Ě=ǫʨ'
èǦñ (entry 5)˄ǣ'a~E\pTkA=ǏÖ$' 90%$ƙ4èǦȸ
çśʁɆ9$< (entry 6)˅ 
 





 ȑ 2 ȏ @V\(ÙǦǵʏÚǘȝŶ»çś  
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 ȑ 3 ȕ ĉɯʇǫȖā(Ʋɕ 
 ȑ 2ȕ#ƲɕȣƩ68Ŕ7:ƙʇÚƣ˄&< 8 mol%(|CÚʘ6+a~
E\pTkA˄3Ōʒ(ǘʏVRCu=ǫ"ƟȐ@V\(ĉɯʇǫȖā' "
Ʋɕ=Ɇ (Table 2-3)˅kDd@V\ɜĬ¤' ")˄v\ĉ˄vaIRĉ$
ʯĚªŝĉ=ƚ9ĉɯ (1b, 1c) '"˃èǦ#ǺǵǢŔ7: (3ba, 3ca)˅ 
 Ɖ˄R@eĉ˄ȴȝ˄Čȝ$ʯĚǄŉĉ=ƚ9ĉɯ (1d-1f) =ǫċí)˄
Áǖ'çśʁɆ&˅# 1d=ǫ"ÂŅƣƲɕ=Ɇ$;˄ʍ¡Ě= 
2,2’-ij~S'ďƗ˄50 °C'Əǒ9$#˄˃èǦ#ǺǵǢŔ7:9$<
 (Table 2-4, entry 5)˅&a~E\pTkA=ǫ9ƣ)˄2,2’-ij~S=ǫ
9ƣ$ǀ-"ȼĿèǦ¢ (Table 2-4, entry 4)˄@IeEa$pTkA$(
ʟ#ʁɆ9$ǿ7:9 SN2’çś)ǣ'ɐĨ:"&˅2,2’-ij~S=ǫ9ƣ
= 1eæ+ 1f,ʇś$;˄ǺǵǢ(èǦñ9$ÉƐ (3ea, 3fa)˅









 ƹ'˄ɋȝǩ=ò2@V\=Ʋɕ$;˄3-E\d\FkD 1i (çś)˃
èǦ#ʁɆ94(( (3ia)˄2-E\dj~S 1j =ǫċí)˄.$>%çś)ʁɆ
& (3ja)˅7'ȱȮƋ@V\' "4Ʋɕ=Ɇ˅RKnIR@V
\ 1k˄1-FK\ 1l =ǫ$)ȉŅ(èǦ&7Ǻǵ(ET_¤Ŕ7: 
(3ka, 3la)˅(ʨ˄ɼ(ʯĚǄŉŝĉ=ƚ9kDd@V\ɜĬ¤(çś$ïƷ˄
ʍ¡Ě= 2,2’-ij~S$˄50 °C#çś=Ɇ	$#˄èǦ(ñɐĨ: (3ka, 
 ȑ 2 ȏ @V\(ÙǦǵʏÚǘȝŶ»çś  
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3la)˅mjFʏE\ 1m˄a~v\R~@V\ 1n˄3,3-Sv\-1-l\ 
1o =ĉɯ$"ǫ$;˄çś)ʁɆ&  (3ma-3oa)˅ 
 
Table 2-3. Scope and limitations of acetylenes 
 
  
 ȑ 2 ȏ @V\(ÙǦǵʏÚǘȝŶ»çś  
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Table 2-4. Effect of ligands on carboxylation of 4-cyanophenylacetylene 
 ȑ 2 ȏ @V\(ÙǦǵʏÚǘȝŶ»çś  
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 ƹ'˄fNÚ@I(ĉɯʇǫȖā=ɠ- (Table 2-5)˅ȴÚ n-l\ 2b =ə
$;˄ȸė&èǦ#ǺǵǢ 3aa Ŕ7: (entry 2)˅Ɖ˄ČÚ n-l\ 2c˄a
~kFvZTpʏ n-l\ 2d =ǏÖċí˄Ɯ2çś)¼ʁɆ&
 (entries 3 and 4)˅1-lw-4-KlZ 2e =ǫ9$˄ȴȝʌÆ#¡πʉůǵ'çś
ʁɆ˄˃èǦ#ǺǵǢ 3ae Ŕ7: (entry 5)˅5-ȴÚîȾʏE\ 2f (çś4ïƷ
'Áǖ'ʁɆ (entry 6)˅Ɖ˄2-|CÚmg 2g˄|CÚRKmg 2h˄ȴÚ
RKmg 2i =ǫċí˄ǺǵǢ)¼Ŕ7:& (entries 7-9)˅:)˄Ȏ
¤ʩģ(Ē 2 Ȝǘȝ#(πŻçśĀʭ#93$Ȫ
7:9˅ȴÚoS 
2j (çś)ȸė'ʁɆ (entry 10)˅ȴÚ@~ 2k =ǫċí˄kDd@V\ 
1a ʏÚǘȝ68Ǝ 2k $çś"0˄ÒǪŦǢ 4 Ŕ7:9(1# 
(entry 11)˅#˄2k ʱěĄ# 1a $ʏÚǘȝ=çś˄çśʞĘ 24ƒʟŒ6+
36ƒʟŒ( 2þ'Æ"ȴÚ@~ 2k =Ö
˅(ȣƩ˄ŨƜ(ǺǵǢ 3ak èǦ6
Ŕ7:9$ÉƐ (entry 12)˅7'fNÚ@IʱěĄçś=Ɇ˄Č
ʏ#çś=Ƞ$;˄˃èǦ#Gqʏ 5 =Ŕ (entry 13)˅ 
 
 ȑ 2 ȏ @V\(ÙǦǵʏÚǘȝŶ»çś  
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 ȑ 2 ȏ @V\(ÙǦǵʏÚǘȝŶ»çś  
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 ȑ 4 ȕ çśƸƶ(źğ 














Scheme 2-9. Effect of CO2 gas 
 
 ȑ 2 ȏ @V\(ÙǦǵʏÚǘȝŶ»çś  
 









Table 2-6. Influence of H2O 
 
  
 ȑ 2 ȏ @V\(ÙǦǵʏÚǘȝŶ»çś  
 




$7 (Scheme 2-8)˄çśț#@V\ 1˄|CÚʘ˄ǘʏVRCu'68˄
ʘ@V\~b 6 ǴǪ"9$Ȫ
7:9˅6 )ʏÚǘȝ$çś˄ʘ(Gqʏ
Č 7 $&9˅:fNÚ@I 2 $çś"Ǻǵ(ET_¤ 3 $&8˄ʘɒ




7:9 (Scheme 2-10)˅ 
 
 
Figure 2-1. Proposed mechanism  
 
Scheme 2-10. Proposed mechanism of synthesis of carboxylic acid 5 
 
 ȑ 3 ȏ Z`uçś'69Bb-3-Gqʏ(íŦ  
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ȑ 3 ȏ Z`uçś'69Bb-3-Gqʏ(íŦ 












(ʏÚǘȝĂğìȰ$& (Scheme 3-2)˅[3-3] 0˄Martín7'6"ʞǴ:ç
ś)˄ʏÚǘȝ(ÖăŚɌ#)94((˄qʏəɄ5ƚƸʖəɄ(Ðˀ¤#





Scheme 3-1. Rhodium-catalyzed carboxylation of arylbononic esters with CO2 
 
 
 ȑ 3 ȏ Z`uçś'69Bb-3-Gqʏ(íŦ  
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Scheme 3-2. Palladium-catalyzed carboxylation of organozinc reagents with CO2 
 
 












 ȑ 3 ȏ Z`uçś'69Bb-3-Gqʏ(íŦ  
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Scheme 3-4. Copper-catalyzed carboxylation of arylbononic esters with CO2 
 
 















Scheme 3-6. Silver-catalyzed carboxylation of arylbononic esters with CO2 
 
 





9 (Scheme 3-8)˅[3-12] :0#Ċõ:"BTʏ=ǫ9ïƷ(çś'ǀ-˄çś(
¡πʉůŝñ˅&7˄˃ă(ʏÚǘȝŚɌ#9Ǚ#˄Ɓû(¥ą
ƾ:"9˅ŌȀȍġ(ĭƨĊõ˄ČÚ~\Cu=ǫ"ƚƸʖəɄ,ʏÚǘ





Ȱ#8˄ĉɯʇǫȖāŃǙ#¶:"9 (Scheme 3-9)˅[3-13] Ɖ˄Ȇǃçś#9
3Ġˁƀ¦ǝʫ#9$	ɟʺ9˅ 
 
Scheme 3-8. Lewis-acid mediated carboxylation of arylsilanes with CO2 
 
 





' (Scheme 3-10, eq 1)˅[3-14] SCuɒę=ǫ" 1-@~j}Y(R~Ú
=Ɇ˄ȥ"GqIRÚ=ĠƊ9$4ìȰ#9˅0˄ŌȀȍġ(ĭƨ)
P5Clɒę=ǫ9çśƣ=ʞǴ (Scheme 3-10, eq 2)˅[3-15] ǫ9 P5Cl)ǀɵǵ˃¬
&əɄ#94((˄pTk?WdCuČ(ƈ&ìȰŝ=ȃ˅Cantat7'6"˄






 ȑ 3 ȏ Z`uçś'69Bb-3-Gqʏ(íŦ  
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$&()˄Nolan7'69ʓɒę=ǫçś# (Scheme 3-11)˅[3-17] (çś
)ĉɯʇǫȖāŃ˄FIQYɜĬ¤˄\@YɜĬ¤˄Bt[YɜĬ¤$




Scheme 3-11. Gold-catalyzed carboxylation of aromatic rings with CO2 
 
 
 ȑ 3 ȏ Z`uçś'69Bb-3-Gqʏ(íŦ  
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Scheme 3-12. Copper-catalyzed carboxylation of aromatic rings with CO2 
 
 





 ȑ 3 ȏ Z`uçś'69Bb-3-Gqʏ(íŦ  
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Scheme 3-14. Rhodium-catalyzed direct carboxylation of arenes with CO2 
 
 
 Bb)ÝɄ÷˄ǪǨǉŝǢɯ&%'đò0:9˄ƙ4ʐɌ&ĉƠ˂Ư( 1  #
8˄(ƶȗǇ)ë7ǉǴ'Ȁȍ:"˅[3-24] (#4 2-@Id@d~
=ʈȈʓİɒęěĄ#ʝǩ9ũǇ)˄ɃʹG]m~L'68ĥƑ'äƇ=íŦ#







ʏÚǘȝ(Ŷ»$ʀȥçś&%˄[3-25(g)] đ(ũǇĊõ:"  (Scheme 3-
15)˅ 
 









 ȑ 3 ȏ Z`uçś'69Bb-3-Gqʏ(íŦ  
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Scheme 3-16. Potassium carbonate-mediated synthesis of 3-calboxylated indoles through a tandem  





v\ʖ=ǫBb-3-Gqʏ(íŦǇĊõ: (Scheme 3-17)˅[3-26] Ȓ
ȫ(çś$)ǳ&8˄ʏÚǘȝ(ÖăɌ'&Ǚ#˄ĒʁƼ˅7'ŏ7
)ƅŁŒ˄ʘɒęʱěĄ˄SE\ʖ(1#ƠçśʁɆ9$=ɍÅ (Scheme 
3-18)˅[3-27] £Ʌ7'6"Ċõ:Z`uçś)˄Bbǩ( 3¡#)& 2¡








 ȑ 3 ȏ Z`uçś'69Bb-3-Gqʏ(íŦ  
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Scheme 3-18. Diethylzinc-mediated synthesis of 3-calboxylated indoles through a tandem  
   process 
 
 




 ȑ 3 ȏ Z`uçś'69Bb-3-Gqʏ(íŦ  
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 ȑ 2 ȕ çśƣ(Ʋɕ 




˄ƠȀȍ=ʞĘ (Scheme 3-20)˅ 
 
Scheme 3-20. Working hypothesis 
 
 
 1 ǂă(ʏÚǘȝʮāǂ˄N-aR-2-@Id@d~ 9a =ĉɯ$˄6 mol% 
(|CÚʘ=ǫ"Čĉ(Ʋɕ=Ɇ (Table 3-1)˅ǘʏiSCu=ǏÖċí˄¢è
Ǧ&7Ǻǵ(Bb-3-GqʏɜĬ¤ 10a ǪŦ94((˄Bb( 3 ¡
maÚ:ÒǪŦǢ 11a =Ǫ9çś¶¹ (entry 1)˅@V\(çś'










 ȑ 3 ȏ Z`uçś'69Bb-3-Gqʏ(íŦ  
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Table 3-1. Effect of bases 
 
  
 &˄ǺǵǢ 10a )ƈɎǢɯ#8˄1H-NMR˄13C-NMR˄LRMS˄HRMS#)ǳŝ¤ 
12 $ÜÊ9$Āʭ#9 (Figure 3-1)˅ 
 
Figure 3-1. Desired product and isomer 
 
 




 ȑ 3 ȏ Z`uçś'69Bb-3-Gqʏ(íŦ  
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Scheme 3-22. Synthesis of indole in the absence of CuI 
 




 (Table 3-2)˅~ʏG~Cu˄ǘʏiSCu˄ǃȝÚG~Cu=ǫċí˄ǺǵǢ 









Table 3-2. Effect of bases 
 
 
 ȑ 3 ȏ Z`uçś'69Bb-3-Gqʏ(íŦ  
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 èǦ(ñ=Ǻǵ$"˄çśǒŅ˄ʏÚǘȝă'ʠ"Ʋɕ=Ɇ (Table 3-3)˅3 
ǂă(ʏÚǘȝʮāǂ˄çśǒŅ(Ʋɕ=ə1$;˄50˄65˄80 °C$Əǒ9'
 :"èǦñ"µñɍ7: (entries 2-4)˅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 ȑ 3 ȕ ĉɯʇǫȖā(Ʋɕ 
 ȑ 2ȕ68Ŕ7:ƙʇÚƣ˄&< 10ǂă(ʏÚǘȝʮāǂ˄Čĉ$" 10
Ōʒ(ǘʏG~Cu=ǫ"˄ĉɯʇǫȖā(Ʋɕ=Ɇ (Table 3-4)˅@t(¯ɧĉ=
vRĉ˄oSĉ'ďƗĉɯ (9b, 9c) =ǫ$;˄ǺǵǢ)¼Ŕ7:&






$; (9j, 9k)˄πŻ¡π'6"çśŝ'Ēĺɍ7:˄ÅǴäƇ( 5¡'ǀ-"
4¡'vaIRĉπŻ"9ĉɯ(çśŝ68˃ (10j, 10k)˅ƹ'˄R2 '@
Iĉ=ƚ9ĉɯ' "Ʋɕ (9l, 9m)˅n-l\(ċí˄ȉŅ&7ǺǵǢ=

94(( (10l)˄t-l\(ċí).$>%ǩÚçśʁɆ& (10m)˅0˄2-@
IdkDe 9n (çś7)˄ȸė&èǦ#oYk}-3-Gqʏ 10 n Ŕ
7: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Table 3-4. Scope and limitations 
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ɜĬ¤ 11a(GqIRÚ=ə1 (Scheme 3-24)˅9$˄çś¼ʁɆ&
(#˄Ơçś)Čĉ'69 2-E\d@d~ɜĬ¤ 9a (ȲmaÚŒ˄ǩÚ6+
GqIRÚʀȥ"ɰ"9$ȃ: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Scheme 3-24. Carboxylation of indole derivative 11a with CO2 
 
  




























Detection limit (ppb): Fe; 10.24, Ni; 0.06, Cu; 0.25, Ru; 0.05, 
Rh; 0.05, Pd; 0.10, Pt; 0.06 
[a] A value below the detection limit. 
9a 




˄Š:9çśƸƶ='ȃ (Figure 3-2)˅ǘʏG~Cu 9a 
(@tb(ǃȝ=ŉŮ˄ʟ¤ 15a=
9˅(Œ˄ǩÚçś'68 16a Ǫ





Figure 3-2. Proposed mechanism 
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Scheme 4-1. Hydroxymethylation using 1-(hydroxymethyl)-1H-benzotriazole or  
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qdÚíǢ=çś9ũǇ)˄(¹ˀ$&9çś# (Scheme 4-3)˅[4-9(a)] 
 





qdÚíǢ,(Öçś=Ċõ (Scheme 4-4)˅[4-10] Ơçśƣ#)@Ida~
@IR}#)˄¼ʁɆ&˅7'ñĲ7'6"˄_a}l\@wdCu




:"9 (Scheme 4-5)˅[4-11] Ơƣ#)œƤ(çś$ǀ-"ĉɯʇǫȖāŲĒ˄ɋȝ
ǩ=ƚ9@Ida~v\R},(śǫ4ìȰ#9˅ 
 
Scheme 4-4. Potassium ethoxide-catalyzed addition of alkynyltriethoxysilanes to aldehydes 
 
 









[4-13] pu@`hb=ǄʯĚÑ$"ǫ9çś).$>%Ċõ©&˅[4-14], [4-15] 
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Scheme 4-6. Potassium trimethylsilanolate/tetrabutylammonium chloride-catalyzed  





\ÚʁɆ9$=ɍÅ (Scheme 4-7)˅[1-9] ɚȞ)ȑ 2ȕʣ'ɖɼ9˅ 
 
Scheme 4-7. Sodium phenoxide-mediated hydroxymethylation of alkynyltrimethylsilanes by  
  formaldehyde generated in situ 
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 ȑ 2 ȕ çśƣ(Ʋɕ 
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( THF=ǫċí4ǺǵǢ 20a 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 (entry 8)˅ 
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Table 4-1. Effect of solvents 
 
 
 ƹ'ƙʇǕę( DMF˄Čĉ(Ʋɕ=Ɇ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Ǒ9' :è
Ǧ4¢ (entries 1-3)˅ȑ 4ȕ#ɚȞ=ɼ-9˄ʃÓ(ca~CukDeIRb) 19 
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 ȑ 3 ȕ ĉɯƲɕȖā(Ʋɕ 
 ȑ 2ȕ68Ŕ7:ƙʇÚƣ˄&<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ʒ(ca~CukDeIRb$ 4 Ōʒ( 19 =ǫ˄çśǙ= 2 ƚ9 18n =Ơçś'
ə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  (ĉɯ'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Table 4-4. Scope and limitations 
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 @Ida~v\R}Đ(ĉɯ' "4Ơçś=ʇǫ (Scheme 4-8)˅2-(a
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 ȑ 4 ȕ çśƸƶ(źğ 
 ƠçśƸƶ(ɚȞ=ɠ-9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ukDeIRbhbIRv\Ú'Śʸ&(˄4) N-[(a~v\RIR)v
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) 19 (ǉŝÚ'ŚɌ#9$Ɛ7$&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Scheme 4-9. Hydroxymethylation using formaldehyde gas 
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 (Figure 4-1)˅[4-10] kDeIRb'68˄@Ida~v\R} 18 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:˄5 ʍ¡MBȝʟ¤ 26 $&9˅26 '˄kDeIRb'6" 19 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Figure 4-1. Proposed mechanism 
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ȑ 5 ȏ ȣɡ 
 ƠɡƆ'"˄Ȓȫ) 3  (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Scheme 5-1. Copper-catalyzed carboxylation of acetylenes with CO2 under mild conditions 
 
 









 ȑ 5 ȏ ȣɡ  
 
 65 
Scheme 5-2. Potassium carbonate-mediated synthesis of 3-calboxylated indoles through a tandem  













Scheme 5-3. Sodium phenoxide-mediated hydroxymethylation of alkynyltrimethylsilanes by  
  formaldehyde generated in situ 
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General Comments. 
Reactions were carried out under an N2, Ar or CO2 atmosphere. Melting points (mp) were determined 
with a Yazawa micro melting point apparatus and uncorrected. Infrared (IR) data were recorded on 
SensIR ATR (Attenuated Total Reflectance) FT-IR and absorbance frequencies are reported in 
reciprocal centimeters (cm-1). NMR data were recorded on a JEOL AL400 spectrometer (395.75 MHz 
for 1H, 99.50 MHz for 13C) or a JEOL ECA600 spectrometer (600.172 MHz for 1H, 150.907 MHz for 
13C). Chemical shifts are expressed in d (parts per million, ppm) values and coupling constants are 
expressed in herts (Hz). 1H NMR spectra were referenced to tetramethylsilane as an internal standard 
or to a solvent signal (CDCl3: 7.26 ppm or DMSO-d6: 2.49 ppm). 13C NMR spectra were referenced to 
tetramethylsilane as an internal standard or to a solvent signal (CDCl3: 77.0 ppm or DMSO-d6: 39.50 
ppm). The following abbreviations are used: s = singlet, d = doublet, t = triplet, q = quartet, quint = 
quintet, sext = sextet, m = multiplet, dd = double doublet, dt = double triplet, dq = double quartet, ddt 
= double double triplet, tdd = triple double doublet, brs = broad singlet. Low and high resolution mass 
spectra (LRMS and HRMS) were obtained from Mass Spectrometry Resource, Graduate School of 




Unless otherwise noted, materials were purchased from Tokyo Kasei Co., Aldrich Inc. and other 
commercial suppliers and were used after appropriate purification (distillation or recrystallization). 
Flash column chromatography was performed with Kanto silica gel 60 N (spherical, neural, 70-230 
mesh). A CO2 gas cylinder was purchased from Taiyo Nissan Co. (G1 grade).  
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General procedure for copper-catalyzed carboxylation of acetylenes in the presence of an alkyl 
halide (Table 2-2, Entry 6) 
A mixture of phenylacetylene (1a) (51.1 mg, 0.50 mmol), CuI (7.6 mg, 0.040 mmol), Et3P (20% 
toluene solution, 16.8 µL, 0.040 mmol), Cs2CO3 (0.52 g, 1.5 mmol) and BuI (2a) (92.0 mg, 0.5 mmol) 
in DMA (1.0 mL) was stirred at room temperature for 24 h under an atmosphere of CO2. AcOEt was 
added to the reaction mixture and then filtered. The filtrate was extracted with AcOEt (30 mL × 3) and 
the combined organic phase was washed with brine (10 mL × 2), and then dried over MgSO4. The 
organic phase was concentrated under a reduced pressure and the crude material was purified by silica 
gel column chromatography to give the coupling product 3aa. 
 
Butyl 3-phenyl-2-propynoate (3aa)[8-1] 
 
Obtained as a yellow oil. 
1H NMR (400 MHz, CDCl3/TMS) d (ppm): 0.96 (t, J = 7.1 Hz, 3H), 1.43 (sext, J = 7.1 Hz, 2H), 1.71 
(quint, J = 7.1 Hz, 2H), 4.24 (t, J = 7.1 Hz, 2H), 7.35-7.39 (m, 2H), 7.42-7.46 (m, 1H), 7.57-7.59 (m, 
2H). 
13C{1H} NMR (100 MHz, CDCl3) d (ppm): 13.6, 19.0, 30.4, 65.9, 80.6, 85.9, 119.5, 128.4, 130.4, 
132.7, 153.9. 
LRMS (EI) m/z: 202 (M+). 
HRMS: Calcd. for C13H14O2: 202.0994. Found: 202.0871. 
IR (neat): 2960, 2221, 1706, 1490, 1372, 1283, 1238, 1187, 1172, 1046, 756, 688 cm-1. 
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Butyl 3-(4-methylphenyl)-2-propynoate (3ba) 
 
Obtained as a yellow oil. 
1H NMR (400 MHz, CDCl3/TMS) d (ppm): 0.96 (t, J = 7.2 Hz, 3H), 1.43 (sext, J = 7.2 Hz, 2H), 1.69 
(quint, J = 7.2 Hz, 2H), 2.36 (s, 3H), 4.23 (t, J = 7.2 Hz, 2H), 7.16 (d, J = 8.0 Hz, 2H), 7.46 (d, J = 8.0 
Hz, 2H). 
13C{1H} NMR (100 MHz, CDCl3) d (ppm): 13.5, 19.0, 21.5, 30.4, 65.7, 80.3, 86.4, 116.5, 129.2, 
132.8, 141.1, 154.2. 
LRMS (EI) m/z: 216 (M+). 
HRMS: Calcd. for C14H16O2: 216.1150. Found: 216.1136. 
IR (neat): 2960, 2933, 2874, 2216, 1701, 1508, 1286, 1188, 1167, 815, 743 cm-1. 
 
Butyl 3-(4-methoxyphenyl)-2-propynoate (3ca) 
 
Obtained as colorless prisms (recrystallized from AcOEt/hexane, mp 42-43 °C). 
Anal. Calcd. for C14H16O3: C, 72.39; H, 6.94. Found: C, 72.45; H, 6.93. 
1H NMR (400 MHz, CDCl3/TMS) d (ppm): 0.95 (t, J = 7.5 Hz, 3H), 1.43 (sext, J = 7.5 Hz, 2H), 1.69 
(quint, J = 7.5 Hz, 2H), 3.82 (s, 1H), 4.22 (t, J = 7.5 Hz, 2H), 6.86-6.89 (m, 2H), 7.52-7.54 (m, 2H).  
13C{1H} NMR (100 MHz, CDCl3) d (ppm): 13.5, 19.0, 30.4, 55.2, 65.6, 80.1, 86.7, 111.3, 114.2, 
134.8, 154.3, 161.4. 
LRMS (EI) m/z: 232 (M+). 
HRMS: Calcd. for C14H16O3: 232.1099. Found: 232.1093. 
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IR (neat): 2963, 2935, 2202, 1694, 1602, 1510, 1286, 1254, 1197, 1163, 1025, 836, 743 cm-1. 
 
Butyl 3-(4-cyanophenyl)-2-propynoate (3da) 
 
Obtained as a coloress oil. 
1H NMR (400 MHz, CDCl3/TMS) d (ppm): 0.97 (t, J = 7.2 Hz, 3H), 1.44 (sext, J = 7.2 Hz, 2H), 1.71 
(quint, J = 7.2 Hz, 2H), 4.26 (t, J = 7.2 Hz, 2H), 7.67 (s, 4H). 
13C{1H} NMR (100 MHz, CDCl3) d (ppm): 13.6, 19.0, 30.4, 66.3, 83.1, 83.7, 113.9, 117.8, 124.5, 
132.2, 133.2, 153.4. 
LRMS (EI) m/z: 227 (M+). 
HRMS: Calcd. for C14H13NO2: 227.0946. Found: 227.0931. 
IR (neat): 2960, 2933, 2874, 2229, 1703, 1500, 1285, 1188, 1170, 839, 747 cm-1. 
 
Butyl 3-(4-bromophenyl)-2-propynoate (3ea) 
 
Obtained as a yellow oil. 
1H NMR (400 MHz, CDCl3/TMS) d (ppm): 0.96 (t, J = 7.3 Hz, 3H), 1.44 (sext, J = 7.3 Hz, 2H), 1.70 
(quint, J = 7.3 Hz, 2H), 4.24 (t, J = 7.3 Hz, 2H), 7.43-7.45 (m, 2H), 7.51-7.53 (m, 2H).  
13C{1H} NMR (100 MHz, CDCl3) d (ppm): 13.7, 19.1, 30.5, 66.1, 81.6, 84.7, 118.6, 125.3, 131.9, 
134.2, 153.9. 
LRMS (EI) m/z: 280 (M+). 
HRMS: Calcd. for C13H1379BrO2: 280.0099. Found: 280.0068. 
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IR (neat): 2960, 2222, 1700, 1487, 1232, 1171, 1071, 1010, 822, 747 cm-1. 
 
Butyl 3-(2-chlorophenyl)-2-propynoate (3fa) 
 
Obtained as a yellow oil. 
1H NMR (400 MHz, CDCl3/TMS) d (ppm): 0.96 (t, J = 7.3 Hz, 3H), 1.44 (sext, J = 7.3 Hz, 2H), 1.71 
(quint, J = 7.3 Hz, 2H), 4.26 (t, J = 7.3 Hz, 2H), 7.27 (dt, J = 1.4, 8.0 Hz, 1H), 7.37 (dt, J = 1.4, 8.0 
Hz, 1H), 7.44 (dd, J = 1.4, 8.0 Hz, 1H), 7.60 (dd, J = 1.4, 8.0 Hz,1H).  
13C{1H} NMR (100 MHz, CDCl3) d (ppm): 13.6, 19.0, 30.4, 66.1, 82.2, 85.0, 120.0, 126.6, 129.5, 
131.5, 134.6, 137.3, 153.9. 
LRMS (EI) m/z: 236 (M+). 
HRMS: Calcd. for C13H1335ClO2: 236.0604. Found: 236.0597. 
IR (neat): 2960, 2225, 1705, 1472, 1294, 1250, 1186, 1062, 754, 687 cm-1. 
 
Butyl 3-(4-ethoxycarbonylphenyl)-2-propynoate (3ga) 
 
Obtained as a coloress oil. 
1H NMR (400 MHz, CDCl3/TMS) d (ppm): 0.97 (t, J = 7.0 Hz, 3H), 1.43 (m, 5H), 1.71 (quint, J = 7.0 
Hz, 2H), 4.25 (t, J = 7.0 Hz, 2H), 4.39 (q, J = 7.0 Hz, 2H), 7.64 (m, 2H), 8.04 (m, 2H). 
13C{1H} NMR (100 MHz, CDCl3) d (ppm): 13.6, 14.3, 19.0, 30.4, 61.4, 66.1, 82.6, 84.6, 124.0, 129.5, 
132.0, 132.7, 153.8, 165.6. 
LRMS (EI) m/z: 274 (M+). 
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HRMS: Calcd. for C16H18O4: 274.1205. Found: 274.1199. 
IR (neat): 2960, 2935, 2224, 1706, 1701, 1266, 1185, 1103, 1018, 859, 768 cm-1. 
 
Butyl 3-(4-nitrophenyl)-2-propynoate (3ha) 
 
Obtained as a yellow oil. 
1H NMR (400 MHz, CDCl3/TMS) d (ppm): 0.97 (t, J = 7.1 Hz, 3H), 1.44 (sext, J = 7.1 Hz, 2H), 1.71 
(quint, J = 7.1 Hz, 2H), 4.27 (t, J = 7.1 Hz, 2H), 7.75 (d, J = 8.3 Hz, 2H), 8.25 (d, J = 8.3 Hz, 2H). 
13C{1H} NMR (100 MHz, CDCl3) d (ppm): 13.6, 19.0, 30.4, 66.4, 82.7, 84.3, 123.7, 126.4, 133.6, 
148.5, 153.4. 
LRMS (EI) m/z: 174 (M+-73). 
HRMS: Calcd. for C9H4NO3: 174.0191. Found: 174.0165. 
IR (neat): 3107, 2960, 2933, 2874, 2226, 1706, 1521, 1345, 1202, 1183, 834, 749 cm-1. 
 
Butyl 3-(3-thienyl)-2-propynoate (3ia) 
 
Obtained as a yellow oil. 
1H NMR (400 MHz, CDCl3/TMS) d (ppm): 0.96 (t, J = 7.3 Hz, 3H), 1.44 (sext, J = 7.3 Hz, 2H), 1.69 
(quint, J = 7.3 Hz, 2H), 4.23 (t, J = 7.3 Hz, 2H), 7.22 (dd, J = 1.1, 5.1 Hz, 1H), 7.31 (dd, J = 3.1, 5.1 
Hz, 1H), 7.74 (dd, J = 1.1, 3.1 Hz, 1H). 
13C{1H} NMR (150 MHz, CDCl3) d (ppm): 13.6, 19.0, 30.5, 65.9, 80.8, 81.5, 118.9, 126.0, 130.2, 
133.7, 154.2. 
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LRMS (EI) m/z: 208 (M+). 
HRMS: Calcd. for C11H12O2S: 208.0558. Found: 208.0548. 
IR (neat): 3110, 2960, 2933, 2873, 2213, 1701, 1465, 1360, 1262, 1206, 1153, 784, 747, 677 cm-1. 
 
Butyl 3-cyclohexyl-2-propynoate (3ka) 
 
Obtained as a yellow oil. 
1H NMR (400 MHz, CDCl3/TMS) d (ppm): 0.93 (t, J = 7.4 Hz, 3H), 1.30-1.43 (m, 6H), 1.50-1.54 
(m, 2H), 1.62-1.73 (m, 4H), 1.82-1.85 (m, 2H), 2.49-2.54 (m, 1H), 4.16 (t, J = 6.8 Hz, 2H). 
13C{1H} NMR (100 MHz, CDCl3) d (ppm): 13.6, 19.0, 24.6, 25.6, 28.9, 30.4, 31.4, 65.5, 73.1, 92.8, 
154.2. 
LRMS (EI) m/z: 153 (M+-55). 
HRMS: Calcd. for C9H13O2: 153.0910. Found: 153.0903. 
IR (neat): 2932, 2856, 2226, 1706, 1701, 1449, 1240, 1088, 752 cm-1. 
 
Butyl 2-nonynoate (3la) 
 
Obtained as a yellow oil. 
1H NMR (400 MHz, CDCl3/TMS) d (ppm): 0.89 (t, J = 7.1 Hz, 3H), 0.94 (t, J = 7.1 Hz, 3H), 
1.26-1.34 (m, 4H), 1.35-1.45 (m, 4H), 1.55-1.60 (m, 2H), 1.61-1.69 (m, 2H), 2.32 (t, J = 7.1 Hz, 
2H), 4.16 (t, J = 7.1 Hz, 2H). 
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13C{1H} NMR (100 MHz, CDCl3) d (ppm): 13.6, 13.9, 18.6, 18.9, 22.4, 27.5, 28.5, 30.4, 31.2, 65.5, 
73.1, 89.4, 154.0. 
LRMS (EI) m/z: 155 (M+-55). 
HRMS: Calcd. for C9H15O2: 155.1072. Found: 155.1099. 
IR (neat): 2958, 2932, 2873, 2861, 2234, 1707, 1465, 1458, 1380, 1242, 1071, 752 cm-1. 
 
4-Chlorobutyl 3-phenyl-2-propynoate (3ae) 
 
Obtained as a yellow oil. 
1H NMR (400 MHz, CDCl3/TMS) d (ppm): 1.89-1.90 (m, 4H), 3.59 (t, J = 5.8 Hz, 2H), 4.27 (t, J = 
5.8 Hz, 2H), 7.37 (t, J = 7.5 Hz, 2H), 7.45 (t, J = 7.5 Hz, 1H), 7.59 (d, J = 7.5 Hz, 2H). 
13C{1H} NMR (100 MHz, CDCl3) d (ppm): 25.8, 28.8, 44.2, 65.0, 80.4, 86.3, 119.4, 128.5, 130.6, 
132.8, 153.9. 
LRMS (EI) m/z: 236 (M+). 
HRMS: Calcd. for C13H1335ClO2: 236.0604. Found: 236.0595. 
IR (neat): 2960, 2221, 1710, 1444, 1287, 1190, 1173, 758, 689 cm-1. 
 
4-Ethoxycarbonylbutyl 3-phenyl-2-propynoate (3af) 
 
Obtained as a yellow oil. 
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1H NMR (400 MHz, CDCl3/TMS) d (ppm): 1.26 (t, J = 7.1 Hz, 3H), 1,74-1.77 (m, 4H), 2.36 (t, J = 
6.2 Hz, 2H), 4.13 (q, J = 7.1 Hz, 2H), 4.24 (t, J = 6.2 Hz, 2H), 7.37 (t, J = 7.5 Hz, 2H), 7.44 (t, J = 7.5 
Hz, 1H), 7.59 (d, J = 7.5 Hz, 2H). 
13C{1H} NMR (100 MHz, CDCl3) d (ppm): 14.1, 21.2, 27.7, 33.6, 60.2, 65.4, 80.5, 86.1, 119.4, 128.4, 
130.5, 132.8, 153.9, 173.0. 
LRMS (EI) m/z: 274 (M+). 
HRMS: Calcd. for C16H18O2: 274.1205. Found: 274.1192. 
IR (neat): 2961, 2221, 1733, 1444, 1376, 1287, 1189, 1174, 1032, 759, 690 cm-1. 
 
Benzyl 3-phenyl-2-propynoate (3aj)[8-2] 
 
Obtained as a yellow oil. 
1H NMR (400 MHz, CDCl3/TMS) d (ppm): 5.26 (s, 2H), 7.36-7.42 (m, 8H), 7.56-7.58 (m, 2H).  
13C{1H} NMR (100 MHz, CDCl3) d (ppm): 67.6, 80.5, 86.7, 119.5, 128.4, 128.5, 128.6, 130.6, 132.9, 
134.9, 153.8. 
LRMS (EI) m/z: 236 (M+). 
HRMS: Calcd. for C16H12O2: 236.0837. Found: 236.0846. 
IR (neat): 3065, 3035, 2960, 2219, 1705, 1489, 1279, 1164, 1045, 963, 755, 745, 689 cm-1. 
 
Allyl 3-phenyl-2-propynoate (3ak)[8-3] 
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Obtained as a yellow oil. 
1H NMR (400 MHz, CDCl3/TMS) d (ppm): 4.74 (dt, J = 5.9, 1.2 Hz, 2H), 5.32(dq, J = 10.4, 1.2 Hz, 
1H), 5.41 (dq, J = 17.2, 1.2 Hz, 1H), 5.98 (ddt, J = 17.2, 10.4, 5.9 Hz, 1H), 7.35-7.39 (m, 2H), 
7.43-7.47 (m, 1H), 7.58-7.60 (m, 2H).  
13C{1H} NMR (100 MHz, CDCl3) d (ppm): 66.5, 80.4, 86.5, 119.3, 119.5, 128.5, 130.6, 131.2, 132.9, 
153.6. 
LRMS (EI) m/z: 186 (M+). 
HRMS: Calcd. for C12H10O2: 186.0681. Found: 186.0685. 




Obtained as a yellow oil. 
1H NMR (400 MHz, CDCl3/TMS) d (ppm): 3.17-3.19 (m, 2H), 5.14-5.17 (m, 1H), 5.37-5.43 (m, 
1H), 5.84-5.93 (m, 1H), 7.26-7.28 (m, 3H), 7.41-7.43 (m, 2H). 
13C{1H} NMR (100 MHz, CDCl3) d (ppm): 23.7, 82.9, 86.5, 116.2, 123.7, 127.7, 128.2, 131.5, 132.4. 
LRMS (EI) m/z: 142 (M+). 
HRMS: Calcd. for C11H10: 142.0783. Found: 142.0760. 
IR (neat): 3059, 3032, 2922, 1641, 1489, 1442, 1070, 990, 914, 753, 689 cm-1. 
 
3-Phenyl-2-propynoic acid (5)[8-5] 
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Obtaiend as a yellow needles (recrystallized from AcOEt/hexane, mp 138-139 °C). 
1H NMR (400 MHz, CDCl3/TMS) d (ppm): 7.38-7.41 (m, 2H), 7.46-7.52 (m, 1H), 7.60-7.63 (m, 
2H). 
13C{1H} NMR (100 MHz, CDCl3) d (ppm): 80.0, 88.7, 119.0, 128.5, 130.9, 133.1, 158.2. 
LRMS (EI) m/z: 146 (M+). 
HRMS: Calcd. for C9H6O2: 146.0368. Found: 146.0379. 
IR (neat): 2958, 2925, 2854, 2228, 2198, 1669, 1488, 1417, 1302, 1287, 1207, 1171, 918, 752, 738, 
682 cm-1. 
 
 ȑ 8 ȏ Ġˁʶ  
 
87 




A mixture of 2-iodoaniline (15 mmol), PdCl2(PPh3)2 (526 mg, 0.75 mmol) and CuI (287 mg, 1.50 
mmol) in Et3N (50 mL) was stirred at room temperature for 15 min under an Ar atmosphere. 
Acetylene (18 mmol) was added and the reaction mixture was stirred at the room temperature. The 
reaction was monitored by TLC. After completion of the reaction, inorganic precipitates were filtered 
and the filtrate was concentrated under a reduced pressure. H2O was added to the reaction mixture and 
extracted with Et2O (30 mL × 3). The organic phase was washed with brine (10 mL × 1) and dried 
over Na2SO2. The organic phase was concentrated under a reduced pressure and the crude material 
was purified by silica gel column chromatography to give 2-ethynylanilines. 
Dry pyridine (2.4 g, 30 mmol) and CHCl3 (50 mL) were added to a mixture of 2-ethynylaniline (15 
mmol) and sulfonyl chloride (30 mmol) at 0 °C, and the reaction mixture was warmed to room 
temperature and allowed to stir. The reaction was monitored by TLC. After completion of the reaction, 
H2O was added to the reaction mixture and extracted with Et2O (30 mL × 3). The organic phase was 
washed with brine (10 mL × 1) and dried over Na2SO2. The organic phase was concentrated under a 
reduced pressure and the crude material was purified by silica gel column chromatography to give N-
protected ethynylanilines (9a, 9b, 9d, 9e, 9f, 9g, 9h, 9l, and 9m). 
 
  





Obtained as colorless prisms (recrystallized from hexane/acetone, mp 112-113 °C). 
1H NMR (400 MHz, CDCl3/TMS) d (ppm): 2.34 (s, 3H), 7.06 (t, J = 8.0 Hz, 1H), 7.16-7.20 (m, 3H), 
7.29-7.32 (m, 1H), 7.36-7.40 (m, 4H), 7.46-7.47 (m, 2H), 7.62 (d, J = 8.0 Hz, 1H), 7.67 (d, J = 8.0 
Hz, 2H).  
13C{1H} NMR (100 MHz, CDCl3) d (ppm): 21.5, 96.1, 114.6, 119.4, 120.3, 122.0, 124.6, 127.3, 128.5, 
129.1, 129.6, 129.7, 131.6, 132.0, 136.1, 137.5, 144.0. 
LRMS (EI) m/z: 347 (M+). 
HRMS: Calcd. for C21H17NO2S: 347.0980. Found: 347.0990. 




Obtained as colorless prisms (recrystallized from hexane/acetone, mp 157-159 °C). 
1H NMR (400 MHz, CDCl3/TMS) d (ppm): 3.05 (s, 3H), 7.03 (brs, 1H), 7.18 (t, J = 8.6 Hz, 1H), 
7.39-7.41 (m, 4H), 7.53-7.56 (m, 3H), 7.62 (d, J = 8.6 Hz, 1H). 
13C{1H} NMR (100 MHz, CDCl3) d (ppm): 39.7, 83.6, 96.7, 114.5, 119.9, 121.8, 124.9, 128.6, 129.2, 
130.0, 131.7, 132.4, 137.6. 
LRMS (EI) m/z: 271 (M+). 
HRMS: Calcd. for C15H13NO2S: 271.0667. Found: 271.0663. 
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IR (neat): 3297, 2362, 1576, 1496, 1397, 1338, 1320, 1152, 976, 916, 762, 753 cm-1. 
 
N-[4-Fluoro-2-(phenylethynyl)phenyl]-4-toluenesulfonamide (9d) [8-6] 
 
Obtained as colorless prisms (recrystallized from hexane/acetone, mp 116-118 °C).  
1H NMR (400 MHz, CDCl3/TMS) d (ppm): 2.34 (s, 3H), 7.00-7.07 (m, 3H), 7.15 (d, J = 8.3 Hz, 2H), 
7.39-7.45 (m, 5H), 7.60-7.63 (m, 3H). 
13C{1H} NMR (150 MHz, CDCl3) d (ppm): 21.5, 82.8, 96.6, 116.8 (d, J = 19.1 Hz), 117.1 (d, J = 7.3 
Hz), 118.3 (d, J = 20.3 Hz), 121.5, 123.5 (d, J = 7.2 Hz), 127.2, 128.5, 129.3, 129.6, 131.6, 133.6 (d, J 
= 2.4 Hz), 135.8, 144.1, 159.4 (d, J = 203.5 Hz). 
LRMS (EI) m/z: 365 (M+). 
HRMS: Calcd. for C21H16FNO2S: 365.0886. Found: 365.0879. 
IR (neat): 3261, 2349, 1497, 1387, 1334, 1161, 1094, 898, 874, 811, 751 cm-1. 
 
N-[4-Chloro-2-(phenylethynyl)phenyl]-4-toluenesulfonamide (9e) [8-6] 
 
Obtained as colorless prisms (recrystallized from hexane/acetone, mp 137-139 °C). 
1H NMR (400 MHz, CDCl3/TMS) d (ppm): 2.35 (s, 3H), 7.13 (s, 1H), 7.19 (d, J = 8.8 Hz, 2H), 
7.24-7.26 (m, 1H), 7.40-7.45 (m, 6H), 7.50-7.52 (m, 1H), 7.66 (d, J = 8.8 Hz, 2H). 
13C{1H} NMR (100 MHz, CDCl3) d (ppm): 21.5, 82.4, 97.3, 116.6, 117.4, 121.5, 121.8, 127.2, 128.6, 
129.4, 129.7, 131.6, 132.6, 134.4, 135.9, 136.7, 144.3. 
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LRMS (EI) m/z: 381 (M+). 
HRMS: Calcd. for C21H1635ClNO2S: 381.0590. Found: 381.0576. 
IR (neat): 3260, 2360, 1494, 1479, 1379, 1337, 1166, 1088, 879, 816, 755 cm-1. 
 
N-[5-Chloro -2-(phenylethynyl)phenyl]-4-toluenesulfonamide (9f) [3-24(b)] 
 
Obtained as colorless prisms (recrystallized from hexane/acetone, mp 135-137 °C).  
1H NMR (400 MHz, CDCl3/TMS) d (ppm): 2.36 (s, 3H), 7.03 (dd, J = 2.2, 8.5 Hz, 1H), 7.20 (d, J = 
8.5 Hz, 3H), 7.28 (t, J = 8.5 Hz, 1H), 8.39-8.41 (m, 3H), 7.46-7.48 (m, 2H), 7.65 (d, J = 2.2 Hz, 1H), 
7.71 (d, J = 8.5 Hz, 2H). 
13C{1H} NMR (100 MHz, CDCl3) d (ppm): 21.5, 82.8, 97.1, 112.7, 120.0, 121.7, 124.7, 127.2, 128.6, 
129.3, 129.8, 131.6, 132.7, 135.4, 135.8, 138.6, 144.4. 
LRMS (EI) m/z: 381 (M+). 
HRMS: Calcd. for C21H1635ClNO2S: 381.0590 Found:381.0588. 
IR (neat): 3254, 2368, 1494, 1478, 1389, 1339, 1165, 1093, 938, 889, 810, 759 cm-1. 
 
N-[4-Bromo-2-(phenylethynyl)phenyl]-4-toluenesulfonamide (9g) [8-6] 
 
Obtained as colorless prisms (recrystallized from hexane/acetone, mp 138-139 °C).  
1H NMR (400 MHz, CDCl3/TMS) d (ppm): 2.35 (s, 3H), 7.12 (s, 1H), 7.18 (d, J = 8.5 Hz, 2H), 7.35 
(d, J = 2.4 Hz, 1H), 7.40-7.46 (m, 6H), 7.57 (d, J = 8.5 Hz, 1H), 7.65 (d, J = 8.5 Hz, 2H). 
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13C{1H} NMR (100 MHz, CDCl3) d (ppm): 21.5, 82.5, 97.1, 116.3, 121.5, 121.8, 127.2, 128.6, 129.4, 
129.7, 129.8, 130.0, 131.5, 131.6, 135.9, 136.2, 144.3. 
LRMS (EI) m/z: 425 (M+). 
HRMS: Calcd. for C21H1679BrNO2S: 425.0085. Found: 425.0076. 




Obtained as colorless prisms (recrystallized from hexane/acetone, mp 116-118 °C). 
Anal. Calcd. for C22H19NO4S: C, 68.13; H, 4.72; N, 3.45. Found: C, 68.22; H, 4.76; N, 3.49. 
1H NMR (400 MHz, CDCl3/TMS) d (ppm): 2.36 (s, 3H), 3.89 (s, 3H), 7.22 (d, J = 8.4 Hz, 2H), 
7.41-7.43 (m, 3H), 7.47 (s, 1H), 7.51-7.53 (m, 2H), 7.64 (d, J = 8.4 Hz, 1H), 7.73 (d, J = 8.4 Hz, 2H), 
7.76 (dd, J = 8.4, 2.0 Hz, 1H), 8.08 (d, J = 2.0 Hz, 1H). 
13C{1H} NMR (100 MHz, CDCl3) d (ppm): 21.5, 52.2, 82.6, 97.2, 113.5, 118.0, 121.6, 125.8, 127.3, 
128.6, 129.4, 129.8, 130.8, 131.7, 133.6, 135.8, 141.3, 144.5, 165.8. 
LRMS (EI) m/z: 405 (M+). 
HRMS: Calcd. for C23H19NO4S: 405.1035. Found: 405.1042. 
IR (neat): 3259, 2362, 1712, 1433, 1392, 1343, 1316, 1253, 1167, 1119, 1089, 890, 812, 763 cm-1. 
 
N-[2-(Hex-1-ynyl)phenyl]-4-toluenesulfonamide (9l) [8-6] 
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Obtaied as a yellow oil. 
1H NMR (400 MHz, CDCl3/TMS) d (ppm): 0.97 (t, J = 7.1 Hz, 3H), 1.46 (sext, J = 7.1 Hz, 2H), 1.56 
(quint, J = 7.1 Hz, 2H), 2.37 (s, 3H), 2.41 (t, J = 7.1 Hz, 2H), 6.98 (t, J = 7.7 Hz, 1H), 7.19-7.23 (m, 
4H), 7.26 (d, J = 7.7 Hz, 1H), 7.56 (d, J = 8.1 Hz, 1H), 7.66 (d, J = 8.1 Hz, 2H). 
13C{1H} NMR (100 MHz, CDCl3) d (ppm): 13.6, 19.2, 21.5, 22.1, 30.6, 75.3, 97.9, 114.9, 119.3, 
124.1, 127.2, 128.8, 129.5, 131.9, 136.2, 137.6, 143.9. 
LRMS (EI) m/z: 327 (M+). 
HRMS: Calcd. for C21H21NO2S: 327.1293. Found: 327.1288. 
IR (neat): 3262, 2958, 1737, 1490, 1397, 1339, 1166, 1159, 1091, 908, 812, 756 cm-1. 
 
N-[2-(3,3-Dimethylbut-1-ynyl)phenyl]-4-toluenesulfonamide (9m) [8-7] 
 
Obtaied as yellow prisms (recrystallized from hexane/acetone, mp 98-100 °C).  
1H NMR (400 MHz, CDCl3/TMS) d (ppm): 1.32 (s, 9H), 2.36 (s, 3H), 6.98 (t, J = 8.3 Hz, 1H), 7.12 
(br, 1H), 7.18-7.26 (m, 4H), 7.58 (d, J = 8.3 Hz, 1H), 7.64 (d, J = 8.3 Hz, 2H). 
13C{1H} NMR (100 MHz, CDCl3) d (ppm): 21.5, 28.3, 30.9, 73.9, 106.0, 115.0, 119.6, 124.2, 127.2, 
128.8, 129.5, 131.6, 136.2, 137.5, 143.9. 
LRMS (EI) m/z: 327 (M+). 
HRMS: Calcd. for C19H21NO2S: 327.1293. Found: 327.1290. 
IR (neat): 3256, 2970, 2365, 1488, 1398, 1334, 1166, 1157, 1094, 896, 812, 760 cm-1. 
 
  
 ȑ 8 ȏ Ġˁʶ  
 
93 
Synthesis of 9c[8-6], [8-8] 
 
 
A mixture of 2-iodoaniline (11 g, 50 mmol), benzaldehyde (6.4 g, 69 mmol), sodium 
cyanoborohydride (4.0 g, 60 mmol) and ZnCl2 (8.2 g, 60 mmol) in MeOH (170 mL) was refluxed for 
2 h under an Ar atmosphere. After cooling, 1 M aq. NaOH was added to the reaction mixture and 
extracted with Et2O (30 mL × 3). The organic phase was washed with H2O (10 mL × 1) and dried over 
MgSO2. The organic phase was concentrated under a reduced pressure and the crude material was 
purified by silica gel column chromatography to give N-Benzyl 2-iodoaniline. 
A mixture of N-benzyl 2-iodoaniline (15.5 g, 50 mmol), PdCl2(PPh3)2 (702 mg, 1.0 mmol), CuI (381 
mg, 2.0 mmol) and Et3N (13 g, 128 mmol) in THF (78 mL) was stirred for 15 min under an Ar 
atmosphere. Phenylacetylene (6.1 g, 60 mmol) was added to the reaction mixture and stirred at room 
temperature. The reaction was monitored by TLC. After completion of the reaction, inorganic 
precipitates were filtered and the filtrate was concentrated under a reduced pressure. H2O was added to 
the reaction mixture and extracted with Et2O (30 mL × 3). The organic phase was washed with brine 
(10 mL × 1) and dried over Na2SO2. The organic phase was concentrated under a reduced pressure and 
the crude material was purified by silica gel column chromatography to give 9c. 
 
N-Benzyl-2-(phenylethynyl)aniline (9c) [8-9] 
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Obtained as yellow prisms (recrystallized from hexane/acetone, mp 60-61 °C).  
1H NMR (400 MHz, CDCl3/TMS) d (ppm): 4.47 (d, J = 5.9 Hz, 2H), 5.13 (brs, 1H), 6.59 (d, J = 7.2 
Hz,1H), 6.67 (t, J = 7.2 Hz, 1H), 7.16 (t, J = 7.2 Hz, 1H), 7.28 (d, J = 7.2 Hz, 1H), 7.32-7.41 (m, 8H), 
7.47-7.49 (m, 2H). 
13C{1H} NMR (150 MHz, CDCl3) d (ppm): 47.7, 86.0, 95.2, 107.6, 109.9, 116.6, 123.3, 127.0, 127.2, 
128.2, 128.4, 128.7, 130.0, 131.4, 132.1, 139.1, 146.7. 
LRMS (EI) m/z: 283 (M+). 
HRMS: Calcd. for C21H17N: 283.1361. Found: 283.1353. 
IR (neat): 3411, 2351, 1600, 1510, 1449, 1430, 1363, 1162, 1025, 933, 757, 749 cm-1. 
 
Synthesis of 9i[3-24(f)], [8-10] 
 
 
A mixture of 4-cyano-2-iodoaniline (4.9 g, 20 mmol), PdCl2(PPh3)2 (702 mg, 1.0 mmol) and CuI (190 
mg, 1.0 mmol) in Et3N (50 mL) was stirred for 15 min under an Ar atmosphere. Phenylacetylene (2.5 
g, 24 mmol) was added to the reaction mixture and refluxed overnight. After cooling, inorganic 
precipitates were filtered and the filtrate was concentrated under a reduced pressure. H2O was added to 
the reaction mixture and extracted with Et2O (30 mL × 3). The organic phase was washed with brine 
(10 mL × 1) and dried over Na2SO2. The organic phase was concentrated under a reduced pressure and 
the crude material was purified by silica gel column chromatography to give 4-cyano-2-
(phenylethynyl)aniline. 
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Dry pyridine (3.2 g, 40 mmol) and CHCl3 (50 mL) were added to a mixture of 4-cyano-2-
(phenylethynyl)aniline (4.3 g, 20 mmol) and p-TsCl (4.8 g, 24 mmol), and the reaction mixture was 
stirred at 40 °C overnight. After completion of the reaction, H2O was added to the reaction mixture 
and extracted with Et2O (30 mL × 3). The organic phase was washed with brine (10 mL × 1) and dried 
over Na2SO2. The organic phase was concentrated under a reduced pressure and the crude material 
was purified by silica gel column chromatography to give 9i. 
 
N-[4-Cyano-2-(phenylethynyl)phenyl]-4-toluenesulfonamide (9i) [8-10] 
 
Obtained as colorless prisms (recrystallized from Et2O, mp 129-131 °C).  
1H NMR (400 MHz, CDCl3/TMS) d (ppm): 2.29 (s, 3H), 7.25-7.27 (m, 2H), 7.42-7.45 (m, 3H), 
7.51-7.53 (m, 4H), 7.67 (d, J = 8.1 Hz, 2H), 7.75 (d, J = 8.1 Hz, 2H). 
13C{1H} NMR (100 MHz, CDCl3) d (ppm): 21.6, 81.3, 98.6, 107.6, 114.3, 117.7, 118.4, 121.0, 127.2, 
128.7, 129.8, 130.0, 131.8, 132.9, 135.6, 141.3, 144.9. 
LRMS (EI) m/z: 372 (M+). 
HRMS: Calcd. for C22H16N2O2S: 372.0933. Found: 372.0923. 
IR (neat): 3256, 2340, 2229, 1605, 1498, 1488, 1405, 1346, 1167, 1154, 1090, 894, 819, 752 cm-1. 
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Synthesis of 9j[8-11], [8-12] 
 
 
A suspension of 5-methoxy-2-nitroaniline (5.0 g, 30 mmol) in concentrated HCl (7.5 mL) was stirred 
at 100 °C for 10 min. The reaction mixuture was cooled to 0 °C and NaNO2 (2.5 g, 36 mmol) in H2O 
(7.5 mL) was added dropwise at 0 °C, and then stirred at 0 °C for 30 min. KI (7.5 g, 45 mmol) in H2O 
(7.5 mL) was added to the reaction mixture at 0 °C and the resulting mixture was heated to 70 °C for 2 
h under an air atmosphere. After cooling, H2O was added to the reaction mixture and extracted with 
AcOEt (30 mL × 3). The organic phase was washed with 3 M aq. HCl (10 mL × 1), 1 M aq. NaOH 
(10 mL × 1), sat. aq. Na2S2O3 (10 mL × 1) and brine (10 mL × 1), and then dried over MgSO4. The 
organic phase was concentrated under a reduced pressure and the crude material was purified by silica 
gel column chromatography to give 1-iodo-5-methoxy-2-nitrobenzene.  
A mixture of 1-iodo-5-methoxy-2-nitrobenzene (3.4 g, 12 mmol), Fe (6.7 g, 120 mmol) and NH4Cl 
(2.6 g, 48 mmol) in MeOH (120 mL) and H2O (40 mL) was refluxed overnight under an air 
atmosphere. After cooling, H2O was added to the reaction mixture and extracted with AcOEt (30 mL 
× 3). The organic phase was washed with brine (10 mL × 1) and dried over Na2SO2. The organic phase 
was concentrated under a reduced pressure and the crude material was purified by silica gel column 
chromatography to give 5-methoxy-2-iodoaniline. 
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To a mixture of 5-methoxy-2-iodoaniline (1.5 g, 6.0 mmol), phenylacetylene (613 mg, 6.0 mmol), 
PdCl2(PPh3)2 (211 mg, 0.30 mmol) and CuI (63 mg, 0.33 mmol) in Et3N (143 mL) was refluxed for 9 
h under an Ar atmosphere. Phenylacetylene (613 mg, 6.0 mmol) was added to the reaction mixture and 
refluxed for 14 h. After cooling, inorganic precipitates were filtered and the filtrate was concentrated 
under a reduced pressure. H2O was added to the reaction mixture and extracted with Et2O (30 mL × 3). 
The organic phase was washed with brine (10 mL × 1) and dried over Na2SO2. The organic phase was 
concentrated under a reduced pressure and the crude material was purified by silica gel column 
chromatography to give 5-methoxy-2-(phenylethynyl)aniline. 
Dry pyridine (0.94 g, 12 mmol) and CHCl3 (50 mL) were added to a mixture of 4-methoxy-2-
(phenylethynyl)aniline (1.3 g, 6.0 mmol) and p-TsCl (1.4 g, 7.2 mmol) at 0 °C and the reaction 
mixture was warmed to room temperature and allowed to stir. The reaction was monitored by TLC. 
After completion of the reaction, H2O was added to the reaction mixture and extracted with Et2O (30 
mL × 3). The organic phase was washed with brine (10 mL × 1) and dried over Na2SO2. The organic 
phase was concentrated under a reduced pressure and the crude material was purified by silica gel 
column chromatography to give 9j. 
 
N-[4-Methoxy -2-(phenylethynyl)phenyl]-4-toluenesulfonamide (9j) 
 
Obtained as colorless prisms (recrystallized from hexane/acetone, mp 135-137 °C). 
Anal. Calcd. for C22H19NO3S: C, 70.00; H, 5.07; N, 3.71. Found: C, 70.04; H, 5.06; N, 3.67. 
1H NMR (400 MHz, CDCl3/TMS) d (ppm): 2.32 (s, 3H), 3.77 (s, 3H), 6.86-6.89 (m, 3H), 7.12 (d, J = 
8.3 Hz, 2H), 7.38-7.42 (m, 5H), 7.56-7.59 (m, 3H). 
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13C{1H} NMR (100 MHz, CDCl3) d (ppm): 21.5, 55.5, 84.0, 95.3, 110.7, 116.0, 116.1, 122.0, 124.2, 
127.3, 128.5, 129.0, 129.5, 130.5, 131.5, 136.0, 143.8, 156.9. 
LRMS (EI) m/z: 377 (M+). 
HRMS: Calcd. for C22H19NO3S: 377.1086. Found: 377.1091. 
IR (neat): 3254, 2371, 1500, 1482, 1392, 1332, 1168, 1144, 1092, 1036, 873, 805, 756 cm-1. 
 
Synthesis of 9k[8-6], [8-11] 
 
 
A suspension of 4-methoxy-2-nitroaniline (16.8 g, 100 mmol) in concentrated HCl (25 mL) was 
stirred at 100 °C for 10 min. Then the reaction mixuture was cooled to 0 °C and NaNO2 (8.3 g, 120 
mmol) in H2O (25 mL) was added dropwise at 0 °C and stirred at 0 °C for 30 min. KI (25 g, 150 
mmol) in H2O (25 mL) was added to reaction mixture at 0 °C and the resulting mixture was heated to 
70 °C for 2 h under an air atmosphere. After cooling, H2O was added to the reaction mixture and 
extracted with AcOEt (50 mL × 3). The organic phase was washed with 3 M aq. HCl (25 mL × 1), 1 
M aq. NaOH (25 mL × 1), sat. aq. NaSO3 (25 mL × 1) and brine (25 mL × 1), and then dried over 
MgSO4. The organic phase was reduced pressure and the crude material was purified by silica gel 
column chromatography to give 1-iodo-4-methoxy-2-nitrobenzene.  
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A mixture of 1-iodo-4-methoxy-2-nitrobenzen (14 g, 50 mmol), FeCl3.6H2O (207 mg, 0.75 mmol) and 
active carbon (120 mg, 10 mmol) in MeOH (250 mL) was refluxed under an Ar atmosphere. Hydrazin 
monohydrate (5.0 g, 100 mmol) was added to the mixture and the reaction mixture was refluxed for 2 
h. After cooling, the resulting mixture was dried over Na2SO4 and filtered. The organic phase was 
removed under a reduced pressure to give the crude 5-methoxy-2-iodoaniline. 
A mixture of 5-methoxy-2-iodoaniline (5.0 g, 20 mmol), PdCl2(PPh3)2 (702 mg, 1.0 mmol) and CuI 
(383 mg, 2.0 mmol) in Et3N (50 mL) was stirred for 15 min under an atmosphere of Ar. 
Phenylacetylene (2.5 g, 24 mmol) was added to the reaction mixture and stirred at room temperature 
overnight. After cooling, inorganic precipitates were filtered and the filtrate was concentrated under a 
reduced pressure. H2O was added to the reaction mixture and extracted with Et2O (30 mL × 3). The 
organic phase was washed with brine (10 mL × 1) and dried over Na2SO2. The organic phase was 
concentrated under a reduced pressure and the crude material was purified by silica gel column 
chromatography to give 5-methoxy-2-(phenylethynyl)aniline. 
Dry pyridine (2.5 g, 32 mmol) and CHCl3 (50 mL) were added to a mixture of 5-methoxy-2-
(phenylethynyl)aniline (3.5, 16 mmol) and p-TsCl (3.6 g, 19 mmol) at 0 °C under an Ar  atmosphere, 
and the reaction mixture was warmed to room temperature and allowed to stir. The reaction was 
monitored by TLC. After completion of the reaction, H2O was added to the reaction mixture and 
extracted with Et2O (30 mL × 3). The organic phase was washed with brine (10 mL × 1) and dried 
over Na2SO2. The organic phase was concentrated under a reduced pressure and the crude material 
was purified by silica gel column chromatography to give 9k. 
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N-[5-Methoxy -2-(phenylethynyl)phenyl]-4-toluenesulfonamide (9k) 
 
Obtained as colorless prisms (recrystallized from hexane/acetone, mp 118-120 °C). 
Anal. Calcd. for C22H19NO3S: C, 70.00; H, 5.07; N, 3.71. Found: C, 70.00; H, 4.98; N, 3.70. 
1H NMR (400 MHz, CDCl3/TMS) d (ppm): 2.35 (s, 3H), 3.82 (s, 3H), 6.60 (dd, J = 2.4, 8.5 Hz, 1H), 
7.18-7.22 (m, 4H), 7.29 (s, 1H), 7.37-7.38 (m, 3H), 7.44-7.46 (m, 2H), 7.70 (d, J = 8.5 Hz, 2H). 
13C{1H} NMR (100 MHz, CDCl3) d (ppm): 21.5, 55.5, 83.7, 94.9, 105.3, 106.4, 111.0, 122.3, 127.2, 
128.5, 128.7, 129.6, 131.4, 132.9, 135.9, 138.9, 144.1, 160.5. 
LRMS (EI) m/z: 377 (M+). 
HRMS: Calcd. for C22H19NO3S: 377.1086. Found: 377.1092. 
IR (neat): 3256, 2360, 1613, 1595, 1506, 1387, 1331, 1290, 1175, 1159, 1104, 1092, 1035, 893, 808, 
756 cm-1. 
 
Synthesis of 9n[8-10], [8-13] 
 
 
AcCl (3.5 g, 44 mmol) was added to the mixture of 2-iodophenol (4.5 g, 20 mmol) and Et3N (2.2 g, 22 
mol) in CHCl3 (6 mL) and THF (6 mL) at 0 °C under an Ar atmosphere, and the reaction mixture was 
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stirred at room temperature for 5 h. H2O was added to the reaction mixture and extracted with CHCl3 
(30 mL × 3). The organic phase was washed with brine (10 mL × 1) and dried over Na2SO2. The 
organic phase was concentrated under a reduced pressure and the crude material was purified by silica 
gel column chromatography to give 2-iodophenol acetate. 
A mixture of 2-iodophenol acetate (5.2 g, 20 mmol), phenylacetylene (2.7 g, 26 mmol), PdCl2(PPh3)2 
(281 mg, 0.4 mmol) and CuI (153 mg, 0.8 mmol) in MeCN (30 mL) and Et3N (30 mL) was stirred at 
50 °C for 16 h under an Ar atmosphere. Brine was added to the reaction mixture and extracted with 
Et2O (30 mL × 3), and the organic phase was dried over MgSO2. The organic phase was concentrated 
under a reduced pressure and the crude material was purified by silica gel column chromatography to 
give 2-(phenylethynyl)phenol acetate.  
NaOH (2.3 g, 56 mmol) was added to 2-(phenylethynyl)phenol acetate (4.7 g, 20 mmol) in MeOH (19 
mL), THF (19 mL) and H2O (19 mL) at 0 °C under an Ar atmosphere and the reaction mixture was 
stirred at room temperature for 1 h. 2M aq. HCl was added to neutralize the resulting mixture and 
extracted with AcOEt (30 mL × 3). The organic phase was washed with brine (10 mL × 1) and dried 
over MgSO2. The organic phase was concentrated under a reduced pressure and the crude material was 
purified by silica gel column chromatography to give 9n. 
 
2-(Phenylethynyl)phenol (9n) [8-14] 
 
Obtained as yellow prisms (recrystallized from hexane/acetone, mp 67-69 °C). 
1H NMR (400 MHz, CDCl3/TMS) d (ppm): 5.82 (brs, 1H), 6.91 (t, J = 7.6 Hz, 1H), 6.98 (d, J = 7.6 
Hz, 1H), 7.27-7.29 (m, 1H), 7.37-7.39 (m, 3H), 7.41-7.44 (m, 1H), 7.53-7.56 (m, 2H). 
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13C{1H} NMR (100 MHz, CDCl3) d (ppm): 83.0, 96.4, 109.6, 114.7, 120.4, 122.4, 128.5, 128.8, 130.5, 
131.6, 131.7, 156.5. 
LRMS (EI) m/z: 194 (M+). 
HRMS: Calcd. for C14H10O: 194.0732. Found: 194.0722. 
IR (neat): 3488, 2363, 1570, 1494, 1479, 1462, 1239, 1195, 1027, 915, 800, 754 cm-1. 
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General procedure for potassium carbonate-mediated synthesis of 3-calboxylated indoles (Table 
3-3, entry 6) 
A mixture of N-[2-(phenylethynyl)phenyl]-4-toluenesulfonamide (8a) (86.9 mg, 0.25 mmol) and 
K2CO3 (346 mg, 2.5 mmol) in DMF (3.0 mL) was stirred at 65 °C for 24 h under 10 atm pressure of 
CO2. 2 M aq. HCl was added to the reaction mixture and extracted with AcOEt (30 mL × 3). The 
combined organic phase was dried over Na2SO4 and concentrated under a reduced pressure. The crude 
material was purified by silica gel column chromatography to give 10a. 
 
N-Tosyl-2-phenylindole-3-carboxylic acid (10a) 
 
Obtained as colorless prisms (recrystallized from hexane/acetone, mp 257-258 °C).  
Anal. Calcd. for C22H17NO4S: C, 67.50; H, 4.38; N, 3.58. Found: C, 67.25; H, 4.42; N, 3.66. 
1H NMR (400 MHz, CDCl3/TMS) d (ppm): 2.28 (s, 3H), 7.05 (d, J = 8.1 Hz, 2H), 7.15-7.17 (m, 2H), 
7.26-7.33 (m, 5H), 7.36-7.43 (m, 2H), 8.11 (d, J = 8.1 Hz, 1H), 8.31 (d, J = 8.1 Hz, 1H). 
13C{1H} NMR (150 MHz, CDCl3) d (ppm): 21.6, 89.3, 115.2, 122.1, 124.8, 125.7, 127.0, 127.1, 127.4, 
128.8, 129.4, 129.6, 130.0, 130.9, 131.1, 132.5, 135.6, 136.4. 
LRMS (EI) m/z: 391 (M+). 
HRMS: Calcd. for C22H17NO4S: 391.0878. Found: 391.0876. 
IR (neat): 3055, 2865, 2590, 1669, 1444, 1376, 1188, 1171, 955, 929, 808, 748 cm-1. 
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N-Tosyl-5-fluoro-2-phenylindole-3-carboxylic acid (10d) 
 
Obtained as colorless prisms (recrystallized from hexane/acetone, mp 141-143 °C). 
Anal. Calcd. for C22H16FNO4S: C, 64.54; H, 3.94; N, 3.42. Found: C, 64.37; H, 4.10; N, 3.46. 
1H NMR (400 MHz, CDCl3/TMS) d (ppm): 2.35 (s, 3H), 7.11-7.21 (m, 5H), 7.28 (d, J = 7.8 Hz, 2H), 
7.37 (t, J = 7.8 Hz, 2H), 7.48 (t, J = 7.8 Hz, 1H), 7.84 (dd, J = 2.9, 9.5 Hz, 1H), 8.33 (dd, J = 4.6, 9.5 
Hz, 1H). 
13C{1H} NMR (150 MHz, CDCl3) d (ppm): 21.6, 107.9 (d, J = 21.5 Hz), 112.2 (d, J = 3.6 Hz), 113.7 
(d, J = 21.6 Hz), 116.5 (d, J = 8.4 Hz), 127.1, 127.2, 128.7 (d, J = 8.4 Hz), 128.8, 129.6, 129.7, 131.1, 
132.7, 135.4, 145.7, 147.9, 160.4 (d, J = 200.0 Hz), 167.8. 
LRMS (EI) m/z: 409 (M+). 
HRMS: Calcd. for C22H16FNO4S: 409.0784. Found: 409.0798. 
IR (neat): 3063, 2851, 2590, 1671, 1453, 1375, 1266, 1188, 1167, 1107, 1088, 877, 808 cm-1. 
 
N-Tosyl-5-chloro-2-phenylindole-3-carboxylic acid (10e) 
 
Obtained as colorless prisms (recrystallized from hexane/acetone, mp 245-247 °C). 
Anal. Calcd. for C22H16ClNO4S: C, 62.04; H, 3.79; N, 3.29. Found: C, 61.96; H, 3.84; N, 3.32. 
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1H NMR (400 MHz, CDCl3/TMS) d (ppm): 2.35 (s, 3H), 7.12 (d, J = 8.6 Hz, 2H), 7.19 (d, J = 7.3 Hz, 
2H), 7.27 (t, J = 8.6 Hz, 2H), 7.37 (d, J = 7.3 Hz, 3H), 7.48 (t, J = 7.3 Hz, 1H), 8.16 (s, 1H), 8.30 (d, J 
= 8.6 Hz, 1H). 
13C{1H} NMR (100 MHz, CDCl3) d (ppm): 21.6, 116.4, 121.7, 126.0, 127.1, 127.2, 128.6, 129.4, 
129.6, 129.7, 130.8, 131.1, 134.7, 135.3, 145.7, 147.7, 153.5, 168.5. 
LRMS (EI) m/z: 425 (M+). 
HRMS: Calcd. for C22H1635ClNO4S: 425.0489. Found: 425.0484. 
IR (neat): 2859, 2579, 2521, 1670, 1595, 1440, 1386, 1254, 1191, 1179, 1126, 1088, 823, 809, 803 
cm-1. 
 
N-Tosyl-6-chloro-2-phenylindole-3-carboxylic acid (10f) 
 
Obtained as colorless prisms (recrystallized from hexane/acetone,, mp 255-257 °C). 
Anal. Calcd. for C22H16ClNO4S: C, 62.04; H, 3.79; N, 3.29. Found: C, 61.95; H, 3.88; N, 3.33. 
1H NMR (400 MHz, CDCl3/TMS) d (ppm): 2.36 (s, 3H), 7.14 (d, J = 8.2 Hz, 2H), 7.18 (d, J = 8.2 Hz, 
2H), 7.30 (d, J = 8.2 Hz, 2H), 7.33-7.37 (m, 3H), 7.48 (t, J = 8.2 Hz, 1H), 8.09 (d, J = 8.2 Hz, 1H), 
8.43 (s, 1H). 
13C{1H} NMR (150 MHz, CDCl3) d (ppm): 21.7, 111.9, 115.4, 122.9, 125.4, 125.8, 127.2, 129.5, 
129.6, 129.7, 131.1, 131.7, 135.4, 136.7, 145.8, 146.8, 148.5, 167.5. 
LRMS (EI) m/z: 425 (M+). 
HRMS: Calcd. for C22H1635ClNO4S: 425.0489. Found: 425.0475. 
IR (neat): 3044, 2862, 2605, 1673, 1474, 1370, 1174, 1142, 1118, 1094, 977, 822, 811 cm-1.  
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N-Tosyl-5-bromo-2-phenylindole-3-carboxylic acid (10g) 
 
Obtained as colorless prisms (recrystallized from hexane/acetone, mp 233-235 °C). 
Anal. Calcd. for C22H16BrNO4S: C, 56.18; H, 3.43; N,2.98. Found: C, 56.11; H, 3.47; N, 3.03. 
1H NMR (400 MHz, CDCl3/TMS) d (ppm): 2.36 (s, 3H), 7.12 (d, J = 8.2 Hz, 2H), 7.19 (d, J = 8.2 Hz, 
2H), 7.29 (d, J = 8.2 Hz, 2H), 7.38 (t, J = 7.8 Hz, 2H), 7.48-7.52 (m, 1H), 7.54 (dd, J = 1.9, 9.26 Hz, 
1H), 8.26 (d, J = 9.2 Hz, 1H), 8.34 (d, J = 1.9 Hz, 1H). 
13C{1H} NMR (100 MHz, CDCl3) d (ppm): 21.6, 89.2, 111.5, 116.7, 118.5, 124.7, 127.1, 127.2, 128.6, 
129.0, 129.4, 129.7, 131.1, 135.1, 135.3, 145.8, 147.5, 168.4. 
LRMS (EI) m/z: 469 (M+). 
HRMS: Calcd. for C22H1679BrNO4S: 468.9983. Found: 468.9956. 
IR (neat): 2862, 2594, 1669, 1439, 1386, 1254, 1248, 1191, 1179, 1129, 1088, 821, 809, 801 cm-1. 
 
N-Tosyl-5-methoxycarbonyl-2-phenylindole-3-carboxylic acid (10h) 
 
Obtained as colorless needles (recrystallized from hexane/acetone, mp 130-132 °C). 
Anal. Calcd. for C24H19NO6S: C, 64.13; H, 4.26; N, 3.12. Found: C, 63.78; H, 4.61; N, 2.86. 
1H NMR (400 MHz, CDCl3/TMS) d (ppm): 2.34 (s, 3H), 3.96 (s, 3H), 7.12 (d, J = 8.2 Hz, 2H), 7.21 
(d, J = 8.2 Hz, 2H), 7.30 (d, J = 8.2 Hz, 2H), 7.37 (t, J = 8.2 Hz, 2H), 7.48 (t, J = 8.2 Hz, 1H), 8.12 (d, 
J = 8.2 Hz, 1H), 8.43 (d, J = 8.2 Hz, 1H), 8.84 (s, 1H). 
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13C{1H} NMR (100 MHz, CDCl3) d (ppm): 21.6, 52.2, 112.6, 115.0, 116.7, 124.2, 126.7, 126.8, 127.1, 
127.2, 129.4, 129.6, 129.7, 131.0, 135.3, 138.8, 145.8, 147.7, 167.1, 168.4. 
LRMS (EI) m/z: 449 (M+). 
HRMS: Calcd. for C24H19NO6S: 449.0933. Found: 449.0896. 
IR (neat): 3112, 2962, 1726, 1383, 1359, 1253, 1189, 1170, 1149, 1117, 1091, 962, 806, 759 cm-1. 
 
N-Tosyl-5-cyano -2-phenylindole-3-carboxylic acid (10i) 
 
Obtained as colorless prisms (recrystallized from hexane/acetone, mp 187-189 °C). 
1H NMR (400 MHz, DMSO-d6) d (ppm): 2.32 (s, 3H), 7.29 (d, J = 8.2 Hz, 2H), 7.32 (d, J = 8.2 Hz, 
2H), 7.38-7.43 (m, 4H), 7.48 (t, J = 8.2 Hz, 1H), 7.86 (dd, J = 1.2, 8.2 Hz, 1H), 8.39 (d, J = 8.2 Hz, 
1H), 8.48 (s, 1H), 12.9 (brs, 1H). 
13C{1H} NMR (100 MHz, DMSO-d6) d (ppm): 21.1, 107.3, 113.3, 116.1, 118.9, 126.5, 126.8, 127.0, 
127.5, 128.5, 129.3, 129.5, 130.3, 130.8, 134.1, 137.3, 146.3, 146.5, 163.7. 
LRMS (EI) m/z: 416 (M+). 
HRMS: Calcd. for C23H16N2O4S: 416.0831. Found: 416.0842. 
IR (neat): 2861, 2672, 2225, 1675, 1455, 1388, 1180, 1125, 1090, 903, 899, 828, 819, 805, 788 cm-1. 
 
N-Tosyl-5-methoxy-2-phenylindole-3-carboxylic acid (10j) 
 
Obtained as colorless prisms (recrystallized from hexane/acetone, mp 208-209 °C). 
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1H NMR (400 MHz, CDCl3/TMS) d (ppm): 2.32 (s, 3H), 3.86 (s, 3H), 7.03 (dd, J = 2.7, 9.3 Hz, 1H), 
7.09 (d, J = 8.3 Hz, 2H), 7.22 (d, J = 7.2 Hz, 2H), 7.28 (d, J = 8.3 Hz, 2H), 7.36 (t, J = 7.2 Hz, 2H), 
7.46 (t, J = 7.2 Hz, 1H), 7.61 (d, J = 2.7 Hz, 1H), 8.26 (d, J = 9.3 Hz, 1H). 
13C{1H} NMR (100 MHz, CDCl3) d (ppm): 21.5, 55.7, 104.0, 112.3, 114.8, 116.2, 126.9, 127.0, 128.5, 
129.3, 129.5, 130.0, 130.9, 131.1, 135.3, 145.3, 146.9, 157.3, 169.2. 
LRMS (EI) m/z: 421 (M+). 
HRMS: Calcd. for C23H19NO5S: 421.0984. Found: 421.0978. 
IR (neat): 3002, 2840, 1675, 1471, 1452, 1431, 1378, 1208, 1194, 1179, 1173, 1122, 1089, 1036, 880, 
815, 787 cm-1. 
 
N-Tosyl-6-methoxy-2-phenylindole-3-carboxylic acid (10k) 
 
Obtained as colorless prisms (recrystallized from hexane/acetone, mp 246-248 °C). 
1H NMR (400 MHz, CDCl3/TMS) d (ppm): 2.35 (s, 3H), 3.94 (s, 3H), 7.01 (d, J = 8.0 Hz, 1H), 7.12 
(d, J = 8.0 Hz, 2H), 7.21 (d, J = 8.0 Hz, 2H), 7.31 (d, J = 8.9 Hz, 2H), 7.35 (t, J = 8.0 Hz, 2H), 7.46 (t, 
J = 8.0 Hz, 1H), 7.92 (s, 1H), 8.03 (d, J = 8.0 Hz, 1H). 
13C{1H} NMR (100 MHz, CDCl3) d (ppm): 21.6, 55.8, 99.3, 113.9, 121.1, 122.6, 127.0, 127.1, 129.3, 
129.6, 130.1, 131.3, 135.6, 137.5, 140.5, 141.0, 145.1, 145.4, 158.5. 
LRMS (EI) m/z: 421 (M+). 
HRMS: Calcd. for C23H19NO5S: 421.0984. Found: 421.0991. 
IR (neat): 2996, 2810, 2592, 1674, 1554, 1493, 1384, 1275, 1180, 1132, 1114, 1091, 1039, 985, 830, 
814, 782 cm-1.  
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N-Tosyl-2-n-butylindole-3-carboxylic acid (10l) 
 
Obtained as colorless needless (recrystallized from hexane/acetone,, mp 183-184 °C). 
1H NMR (400 MHz, CDCl3/TMS) d (ppm): 0.97 (t, J = 7.8 Hz, 3H), 1.50 (sext, J = 7.8 Hz, 2H), 1.73 
(quint, J = 7.8 Hz, 2H), 2.35 (s, 3H), 3.50 (t, J = 7.8 Hz, 2H), 7.22 (d, J = 8.3 Hz, 2H), 7.32-7.35 (m, 
2H), 7.69 (d, J = 8.3 Hz, 2H), 8.19-8.25 (m, 2H). 
13C{1H} NMR (150 MHz, CDCl3) d (ppm): 13.7, 21.6, 22.9, 27.0, 33.0, 110.3, 114.6, 121.8, 124.5, 
124.9, 126.5, 127.5, 130.1, 135.9, 136.0, 145.5, 152.1, 170.5. 
LRMS (EI) m/z: 371 (M+). 
HRMS: Calcd. for C20H21NO4S: 371.1191. Found: 371.1179. 
IR (neat): 2952, 2869, 1669, 1554, 1451, 1381, 1239, 1175, 1073, 929, 810, 748 cm-1. 
 
2-Phenylbenzofuran-3-carboxylic acid (10n) [8-6] 
 
Obtained as colorless needles (recrystallized from hexane/acetone, mp 201-203 °C).  
1H NMR (400 MHz, CDCl3/TMS) d (ppm): 7.37-7.40 (m, 2H), 7.51-7.57 (m, 4H), 8.03-8.06 (m, 
2H), 8.14-8.16 (m, 1H). 
13C{1H} NMR (100 MHz, CDCl3) d (ppm): 111.2, 122.9, 124.3, 125.4, 127.1, 128.2, 128.5, 129.4, 
129.8, 130.6, 153.9, 162.3, 169.2. 
LRMS (EI) m/z: 238 (M+). 
HRMS: Calcd. for C15H10O3: 238.0630. Found: 238.0657. 
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IR (neat): 3062, 2839, 2562, 1664, 1559, 1443, 1254, 1194, 1094, 906, 773, 743, 731 cm-1. 
 
N-Tosyl-2-phenylindole (11a) [8-6] 
 
Obtained as colorless prisms (recrystallized from hexane/acetone, mp 153-154 °C). 
1H NMR (400 MHz, CDCl3/TMS) d (ppm): 2.28 (s, 3H), 6.54 (m, 1H), 7.03 (d, J = 8.3 Hz, 2H), 
7.24-7.28 (m, 3H), 7.35 (t, J = 8.3 Hz, 1H), 7.42-7.45 (m, 4H), 7.48-7.51 (m, 2H), 8.31 (d, J = 8.3 
Hz, 1H).   
13C{1H} NMR (100 MHz, CDCl3) d (ppm): 21.4, 113.6, 116.6, 120.6, 124.5, 124.7, 126.7, 127.4, 
128.6, 129.1, 130.2, 130.5, 132.3, 134.6, 138.2, 142.1, 144.5. 
LRMS (EI) m/z: 347 (M+). 
HRMS: Calcd. for C21H17NO2S: 347.0980. Found: 347.0967. 
IR (neat): 3026, 2958, 1653, 1559, 1366, 1185, 1166, 1051, 758 cm-1. 
 
N-Tosyl-5-fluoro-2-phenylindole (11d) [8-6] 
 
Obtained as a yellow oil. 
1H NMR (400 MHz, CDCl3/TMS) d (ppm): 2.30 (s, 3H), 6.50 (s, 1H), 7.04-7.10 (m, 4H), 7.22-7.25 
(m, 2H), 7.42-7.50 (m, 5H), 8.25 (dd, J = 8.8, 4.4 Hz, 1H). 
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13C{1H} NMR (150 MHz, CDCl3) d (ppm): 21.5, 106.2 (d, J = 20.3 Hz), 112.5 (d, J = 21.6 Hz), 113.3 
(d, J = 3.6 Hz), 117.8 (d, J = 7.2 Hz), 126.8, 127.5, 128.9, 129.2, 130.3, 131.6 (d, J = 8.4 Hz), 132.0, 
134.3, 134.5, 144.0, 144.8, 160.2 (d, J = 199.9 Hz). 
LRMS (EI) m/z: 365 (M+). 
HRMS: Calcd. for C21H16FNO2S: 365.0886. Found: 365.0888. 
IR (neat): 2958, 2972, 1723, 1597, 1461, 1448, 1371, 1199, 1174, 1130, 1087, 853, 810, 761 cm-1. 
 
N-Tosyl-5-chloro-2-phenylindole (11e) [8-6] 
 
Obtained as a yellow oil. 
1H NMR (400 MHz, CDCl3/TMS) d (ppm): 2.30 (s, 3H), 6.47 (s, 1H), 7.06 (d, J = 8.7 Hz, 2H), 7.24 
(d, J = 8.7 Hz, 2H), 7.30 (dd, J = 2.0, 8.8 Hz, 1H), 7.42-7.46 (m, 6H), 8.23 (d, J = 8.7 Hz, 1H). 
13C{1H} NMR (150 MHz, CDCl3) d (ppm): 21.5, 112.6, 117.7, 120.2, 124.9, 126.8, 127.6, 129.0, 
129.3, 130.0, 130.4, 130.4, 131.7, 134.5, 136.6, 143.6, 144.8. 
LRMS (EI) m/z: 381 (M+). 
HRMS: Calcd. for C21H1635ClNO2S: 381.0590. Found: 381.0570. 




Obtained as a yellow oil. 
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1H NMR (400 MHz, CDCl3/TMS) d (ppm): 2.31 (s, 3H), 6.49 (s, 1H), 7.07 (d, J = 8.3 Hz, 2H), 
7.24-7.27 (m, 2H), 7.35 (d, J = 8.3 Hz, 1H), 7.41-7.46 (m, 6H), 8.35 (s, 1H). 
13C{1H} NMR (150 MHz, CDCl3) d (ppm): 21.6, 112.8, 116.7, 121.3, 124.9, 126.8, 127.5, 128.8, 
128.9, 129.4, 130.4, 130.9, 131.9, 134.6, 138.6, 142.7, 144.9. 
LRMS (EI) m/z: 381 (M+). 
HRMS: Calcd. for C21H1635ClNO2S: 381.0590. Found: 381.0594. 
IR (neat): 2958, 2927, 1724, 1456, 1377, 1283, 1189, 1178, 1170, 1072, 925, 812, 763 cm-1.  
 
N-Tosyl-5-bromo-2-phenylindole (11g) [8-6] 
 
Obtained as a yellow oil. 
1H NMR (400 MHz, CDCl3/TMS) d (ppm): 2.31 (s, 3H), 6.47 (s, 1H), 7.05 (d, J = 8.9 Hz, 2H), 7.24 
(d, J = 8.9 Hz, 1H), 7.39-7.46 (m, 7H), 7.57 (d, J = 1.9 Hz, 1H), 8.18 (d, J = 8.9 Hz, 1H). 
13C{1H} NMR (100 MHz, CDCl3) d (ppm): 21.6, 112.4, 117.8, 118.3, 123.3, 126.8, 127.6, 128.8, 
129.4, 130.4, 130.9, 131.8, 132.5, 134.5, 137.0, 143.4, 144.9. 
LRMS (EI) m/z: 425 (M+). 
HRMS: Calcd. for C21H1679BrNO2S: 425.0085. Found: 425.0076. 
IR (neat): 2958, 2927, 1724, 1447, 1377, 1273, 1178, 1124, 1072, 808, 762, 744 cm-1. 
 
  





Obtained as colorless needles (recrystallized from hexane/acetone, mp 158-159 °C).  
1H NMR (400 MHz, CDCl3/TMS) d (ppm): 2.29 (s, 3H), 3.93 (s, 3H), 6.59 (s, 1H), 7.05 (d, J = 8.4 
Hz, 2H), 7.27 (d, J = 8.8 Hz, 2H), 7.42-7.49 (m, 5H), 8.04 (dd, J = 1.9, 8.4 Hz, 1H), 8.17 (d, J = 1.9 
Hz, 1H), 8.35 (d, J = 8.8 Hz, 1H). 
13C{1H} NMR (150 MHz, CDCl3) d (ppm): 21.5, 52.1, 89.6, 89.7, 113.2, 116.2, 122.8, 125.9, 126.8, 
127.5, 128.9, 129.6, 130.4, 131.8, 134.7, 140.8, 143.3, 144.9, 167.2. 
LRMS (EI) m/z: 405 (M+). 
HRMS: Calcd. for C23H19NO4S: 405.1035. Found: 405.1015. 
IR (neat): 2953, 2922, 1708, 1435, 1383, 1312, 1256, 1187, 1173, 1127, 1087, 1056, 815, 772, 760 
cm-1. 
 
N-Tosyl-5-cyano-2-phenylindole (11i) [8-10] 
 
Obtained as colorless prisms (recrystallized from hexane/acetone, mp 136-137 °C).  
1H NMR (400 MHz, CDCl3/TMS) d (ppm): 2.32 (s, 3H), 6.57 (s, 1H), 7.08 (d, J = 8.6 Hz, 2H), 
7.24-7.26 (m, 2H), 7.42-7.49 (m, 5H), 7.60 (dd, J = 1.2, 8.6 Hz, 1H), 7.80 (d, J = 1.2 Hz, 1H), 8.42 
(d, J = 8.6 Hz, 1H). 
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13C{1H} NMR (100 MHz, CDCl3) d (ppm): 21.5, 107.6, 111.9, 117.0, 119.2, 125.3, 126.7, 127.5, 
129.2, 129.5, 130.2, 130.5, 131.1, 134.5, 139.8, 144.1, 145.3. 
LRMS (EI) m/z: 372 (M+). 
HRMS: Calcd. for C22H16N2O2S: 372.0932. Found: 372.0918. 
IR (neat): 2958, 2925, 2855, 2229, 1726, 1598, 1458,1374, 1287, 1259, 1171, 1088, 1050, 899, 819, 
810, 755 cm-1. 
 
N-Tosyl-6-methoxy-2-phenylindole (11k) [8-16] 
 
Obtained as a yellow oil. 
1H NMR (400 MHz, CDCl3/TMS) d (ppm): 2.29 (s, 3H), 3.94 (s, 3H), 6.46 (s, 1H), 6.89 (dd, J = 2.2, 
8.1 Hz, 1H), 7.05 (d, J = 8.1 Hz, 2H), 7.28-7.32 (m, 3H), 7.40-7.42 (m, 3H), 7.47-749 (m, 2H), 7.87 
(d, J = 2.2 Hz, 1H). 
13C{1H} NMR (150 MHz, CDCl3) d (ppm): 21.3, 55.7, 100.9, 113.3, 114.0, 120.9, 124.3, 126.7, 127.3, 
128.2, 129.1, 130.1, 132.5, 134.5, 139.4, 140.8, 144.4, 157.9. 
LRMS (EI) m/z: 377 (M+). 
HRMS: Calcd. for C22H19NO3S: 377.1086 Found: 377.1072. 
IR (neat): 2992, 2937, 1734, 1611, 1490, 1441, 1370, 1364, 1265, 1239, 1273, 1164, 1150, 1112, 
1091, 1047, 1029, 836, 813, 762 cm-1. 
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N-Tosyl-2-n-butylindole (11l) [8-6] 
 
Obtained as a yellow oil. 
1H NMR (400 MHz, CDCl3/TMS) d (ppm): 0.95 (t, J = 7.7 Hz, 3H), 1.43 (sext, J = 7.7 Hz, 2H), 1.73 
(quint, J = 7.7 Hz, 2H), 2.32 (s, 3H), 2.98 (t, J = 7.7 Hz, 2H), 6.37 (s, 1H), 7.15-7.25 (m, 4H), 7.39 (d, 
J = 7.8 Hz, 1H), 7.60 (d, J = 7.8 Hz, 2H), 8.16 (d, J = 7.8 Hz, 1H).  
13C{1H} NMR (100 MHz, CDCl3) d (ppm): 13.9, 21.5, 22.4, 28.7, 31.0, 108.6, 114.8, 120.0, 123.4, 
123.7, 126.2, 129.7, 129.8, 136.3, 137.2, 142.5, 144.5. 
LRMS (EI) m/z: 327 (M+). 
HRMS: Calcd. for C19H21NO2S: 327.1293. Found: 327.1282. 
IR (neat): 2958, 2930, 1737, 1597, 1452, 1367, 1187, 1172, 1145, 1091, 1045, 810, 746 cm-1. 
 
N-Tosyl-2-t-butylindole (11m) [8-7] 
 
Obtained as a yellow oil. 
1H NMR (400 MHz, CDCl3/TMS) d (ppm): 1.59 (s, 9H), 2.29 (s, 3H), 6.61 (s, 1H), 7.10 (d, J = 8.3Hz, 
2H), 7.15-7.18 (m, 2H), 7.38-7.40 (m, 1H), 7.42 (d, J = 8.3Hz, 2H), 8.01-8.03 (m, 1H), 
13C{1H} NMR (100 MHz, CDCl3) d (ppm): 21.7, 31.3, 35.0, 90.0, 94.2, 95.2, 110.7, 116.1, 120.3, 
123.6, 124.1, 126.0, 129.2, 129.5, 152.7. 
LRMS (EI) m/z: 327 (M+). 
HRMS: Calcd. for C19H21NO2S: 327.1293. Found: 327.1281. 
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IR (neat): 2961, 2924, 1725, 1598, 1452, 1370, 1357, 1190, 1175, 1125, 1084, 1024, 1014, 810, 748 
cm-1. 
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Synthesis of Ethyl 2-phenylindole-3-carboxylate (14) (Scheme 3-21) [8-17], [8-18] 
A mixture of N-tosyl-2-phenylindole-3-carboxylic acid (10a) (196 mg, 0.50 mmol), EtI (85.8 mg, 0.55 
mmol) and Cs2CO3 (163 mg, 0.50 mmol) in DMSO (3.5 mL) was stirred at room temperature 
overnight under an Ar atmosphere. H2O was added to the reaction mixture and extracted with AcOEt 
(30 mL × 3). The organic phase was washed with brine (10 mL × 1) and dried over MgSO2. The 
organic phase was concentrated under a reduced pressure and the crude material was purified by silica 
gel column chromatography to give ethyl-N-tosyl-2-phenylindole-3-carboxylate 13. 
A mixture of 13 (30.2 mg, 0.072 mmol) and TBAF (1M THF solution, 0.43 mL, 0.43 mmol) in THF 
(3.6 mL) was refluxed for 24 h under an Ar atmosphere. After cooling, sat. aq. NaHCO3 was added to 
the reaction mixture and extracted with CHCl3 (30 mL × 3). The organic phase was washed with brine 
(10 mL × 1) and dried over Na2SO2. The organic phase was concentrated under a reduced pressure and 
the crude material was purified by silica gel column chromatography to give 14. 
 
Ethyl 2-phenylindole-3-carboxylate (14)[3-29] 
 
Obtained as colorless prisms (recrystallized from AcOEt/hexane, mp 129-131 °C). 
1H NMR (400 MHz, CDCl3/TMS) d (ppm): 1.32 (t, J = 6.8 Hz, 3H), 4.32 (q, J = 6.8 Hz, 2H), 
7.26-7.30 (m, 2H), 7.40-7.41 (m, 1H), 7.46-7.47 (m, 3H), 7.67-7.69 (m, 2H), 8.23-8.25 (m, 1H), 
8.44 (brs, 1H). 
13C{1H} NMR (100 MHz, CDCl3) d (ppm): 14.3, 59.7, 104.9, 110.9, 122.1, 122.2, 123.2, 127.7, 128.1, 
129.1, 129.6, 132.1, 135.2, 144.4, 165.3. 
LRMS (EI) m/z: 265 (M+). 
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HRMS: Calcd. for C17H15NO2: 265.1103. Found: 265.1099. 
IR (neat): 3270, 2993, 1664, 1446, 1425, 1281, 1212, 1126, 1111, 1049, 752, 746 cm-1. 
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Synthesis of 18i[8-19] 
 
 
To a mixture of methyl 4-iodobenzoate (5.19 g, 19.8 mmol), Et3N (9.76 mL, 70.0 mmol), and 
trimethylsilylacetylene (3.87 mL, 28.0 mmol) in toluene (50 mL) was added CuI (381 mg, 2.0 mmol) 
and PdCl2(PPh3)2 (702 mg, 1.0 mmol) at room temperature. After stirring at 80 °C for 24 h, the 
reaction mixture was filtered through a pad of Celite® and washed with AcOEt (20 mL). The organic 
layer was washed with satu. aq. NH4Cl (20 mL × 3) and 20 wt% aq. NaCl (10 mL), dried over MgSO4, 
and concentrated. The residue was purified by column chromatography on silica gel to afford 18i. 
 
Methyl 4-{(trimethylsilyl)ethynyl}benzoate (18i).  
 
Obtained as pale red prisms (recrystallized from hexane/acetone, mp 91-93 °C). 
1H NMR (400 MHz, CDCl3/TMS) d (ppm): 0.26 (s, 9H), 3.92 (s, 3H), 7.52 (d, J = 8.2 Hz, 2H), 7.97 
(d, J = 8.2 Hz, 2H). 
13C{1H} NMR (150 MHz, CDCl3) d (ppm): -0.18, 52.2, 97.7, 104.0, 127.7, 129.4, 129.6, 131.9, 166.5. 
LRMS (EI) m/z: 232 (M+) 
HRMS: Calcd for C13H16O2Si: 232.0920. Found: 232.0948. 
IR (neat): 2160, 1591, 1517, 1347, 1248, 1106, 858, 845, 764, 750 cm-1. 
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Synthesis of 19 
 
 
To a solution of N-(hydroxymethyl)phthalimide (5.03 g, 28.4 mmol), DMAP (173 mg, 1.42 mmol), 
and Et3N (4.90 mL, 35.2 mmol) in CH2Cl2 (100 mL) was added dropwise TMSCl (4.30 mL, 34.0 
mmol) at –20 °C. After stirring at room temperature for 12 h, the reaction mixture was quenched with 
satu. aq. NH4Cl (20 mL), and extracted with CH2Cl2 (15 mL × 3). The combined organic layers were 
washed with H2O (25 mL) and brine (25 mL), dried over Na2SO4, and concentrated. The residue was 




Obtained as colorless prisms (recrystallized from AcOEt /hexane, mp 64-66 °C).  
1H NMR (400 MHz, CDCl3/TMS) d (ppm): 0.15 (s, 9H), 5.21 (s, 2H), 7.70-7.72 (m, 2H), 7.85-7.87 
(m, 2H). 
13C{1H} NMR (150 MHz, CDCl3) d (ppm): -0.39, 60.9, 123.6, 132.0, 134.3, 167.5. 
MS (FAB, NBA) Calcd for C12H16NO3Si (M+ + H): 250.0899. Found: 250.0909.  
IR (neat): 3490, 2956, 1776, 1707, 1424, 1368, 1363, 1249, 1189, 1065, 986, 842 cm-1. 
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General procedure of NaOPh mediated hydroxymethylation of alkynylsilanes 1 with N-
[(trimethylsilyloxy)methyl]phthalimide 19 (Table 4-3, entry 4). 
To a mixture of 18a (50.6 mg, 0.290 mmol) and 19 (150 mg, 0.602 mmol) in DMF (1.8 mL) was 
added a solution of NaOPh (69.8 mg, 0.601 mmol) in DMF (0.6 mL). After stirring at room 
temperature for 12 h, K2CO3 (141 mg, 1.02 mmol) and MeOH (0.8 mL) were added to the reaction 
mixture. The mixture was stirred at room temperature for 30 min, and H2O (10 mL) was added. The 
mixture was extracted with AcOEt (10 mL × 3), washed with H2O (10 mL) and brine (10 mL), dried 
over Na2SO4, and concentrated. A solution of the residue in Et2O (5.0 mL) and 1M aq. NaOH (3.0 
mL) was stirred at room temperature for 3 min, and H2O (10 mL) was added. The mixture was 
extracted with Et2O (10 mL × 3), washed with brine (10 mL), dried over Na2SO4, and concentrated. 
The crude material was purified by column chromatography on silica gel to afford 20a.  
 
3-Phenylprop-2-yn-1-ol (20a) [8-20] 
 
Obtained as a colorless oil.  
1H NMR (400 MHz, CDCl3/TMS) d (ppm): 2.09 (brs, 1H), 4.50 (s, 2H), 7.26-7.32 (m, 3H), 7.43-7.46 
(m, 2H). 
13C{1H} NMR (150 MHz, CDCl3) d (ppm): 51.6, 85.7, 87.2, 122.5, 128.3, 128.5, 131.6.  
LRMS (EI) m/z: 132 (M+). 
HRMS: Calcd. for C9H8O: 132.0575. Found: 132.0571. 
IR (neat): 2245, 1653, 1490, 1442, 1070, 1031, 1020, 999, 953, 751 cm-1. 
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3-(4-Methoxyphenyl)prop-2-yn-1-ol (20b) [8-21] 
 
Obtained as a colorless prisms (recrystallized from AcOEt/hexane, mp 65-67 °C). 
1H NMR (400 MHz, CDCl3/TMS) d (ppm): 2.19 (brs, 1H), 3.80 (s, 3H), 4.48 (s, 2H), 6.83 (d, J = 8.6 
Hz, 2H), 7.37 (d, J = 8.6 Hz, 2H). 
13C{1H} NMR (150 MHz, CDCl3) d (ppm): 51.6, 55.2, 85.5, 85.8, 113.9, 114.5, 133.1, 159.6. 
LRMS (EI) m/z: 162 (M+).  
HRMS: Calcd. for C13H10O2: 162.0681. Found: 162.0680.  
IR (neat): 2962, 2924, 2855, 2232, 1507, 1457, 1248, 1173, 1109, 1026, 835, 796 cm-1. 
 
3-(4-Fluorophenyl)prop-2-yn-1-ol (20c) [8-21] 
 
Obtained as a yellow oil.  
1H NMR (400 MHz, CDCl3/TMS) d (ppm): 2.41 (brs, 1H), 4.49 (s, 2H), 6.97-7.02 (m, 2H), 7.38-7.44 
(m, 2H). 
13C{1H} NMR (150 MHz, CDCl3) d (ppm): 51.5, 84.6, 86.9, 115.6 (d, J = 21.9 Hz), 118.5 (d, J = 2.9 
Hz), 133.6 (d, J = 8.6 Hz), 162.5 (d, J = 247.9 Hz). 
LRMS (EI) m/z: 150 (M+). 
HRMS: Calcd. for C9H7FO: 150.0481. Found: 150.0454. 
IR (neat): 2925, 2859, 2242, 1602, 1502, 1220, 1156, 1094, 1023, 953, 833, 814 cm-1. 
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3-(4-Chlorophenyl)prop-2-yn-1-ol (20d) [8-20] 
 
Obtained as yellow prisms (recrystallized from AcOEt/hexane, mp 74-75 °C).  
1H NMR (400 MHz, CDCl3/TMS) d (ppm): 1.97 (brs, 1H), 4.49 (s, 2H), 7.28 (d, J = 8.0 Hz, 2H), 7.36 
(d, J = 8.0 Hz, 2H). 
13C{1H} NMR (150 MHz, CDCl3) d (ppm): 51.5, 84.6, 88.1, 120.9, 128.7, 132.9, 134.5. 
LRMS (EI) m/z: 166 (M+). 
HRMS: Calcd. for C9H735ClO: 166.0185. Found: 166.0204. 
IR (neat): 2962, 2924, 2853, 2244, 1718, 1700, 1653, 1560, 1490, 1261, 1090, 1022, 828, 797 cm-1. 
 
3-(4-Bromophenyl)prop-2-yn-1-ol (20e) [8-22] 
 
Obtained as yellow prisms (recrystallized from AcOEt/hexane, mp 73-74 °C).  
1H NMR (400 MHz, CDCl3/TMS) d (ppm): 2.33 (brs, 1H), 4.46 (s, 2H), 7.26 (dt, J = 8.0, 2.0 Hz, 2H), 
7.41 (dt, J = 8.0, 2.0 Hz, 2H). 
13C{1H} NMR (150 MHz, CDCl3) d (ppm): 51.4, 84.5, 88.3, 121.4, 122.7, 131.5, 133.0. 
LRMS (EI) m/z: 210 (M+). 
HRMS: Calcd. for C9H779BrO: 209.9680. Found: 209.9693. 
IR (neat): 2921, 2855, 2238, 1718, 1259, 1072, 1020, 1012, 950, 820 cm-1. 
 
  





Obtained as a yellow oil.  
1H NMR (400 MHz, CDCl3/TMS) d (ppm): 2.33 (brs, 1H), 4.48 (s, 2H), 7.15 (t, J = 8.0 Hz, 1H), 7.33 
(dt, J = 8.0, 2.0 Hz, 1H), 7.43 (dq, J = 8.0, 2.0 Hz, 1H), 7.55 (t, J = 2.0 Hz, 1H). 
13C{1H} NMR (150 MHz, CDCl3) d (ppm): 51.4, 84.1, 88.5, 122.0, 124.4, 129.7, 130.2, 131.6, 134.3. 
LRMS (EI) m/z: 210 (M+). 
HRMS: Calcd. for C9H779BrO: 209.9680. Found: 209.9653. 
IR (neat): 2918, 2861, 2359, 1589, 1556, 1473, 1404, 1022, 965, 881, 783 cm-1. 
 
3-(2-Bromophenyl)prop-2-yn-1-ol (20g) [8-23] 
 
Obtained as a yellow oil.  
1H NMR (400 MHz, CDCl3/TMS) d (ppm): 2.20 (brs, 1H), 4.56 (s, 2H), 7.17 (tdd, J = 7.5, 1.3 Hz, 
1H), 7.25 (tdd, J = 7.5, 1.3 Hz, 1H), 7.47 (dd, J = 7.5, 1.3 Hz, 1H), 7.57 (dd, J = 7.5. 1.3 Hz, 1H). 
13C{1H} NMR (150 MHz, CDCl3) d (ppm): 51.6, 84.1, 91.8, 124.6, 125.4, 127.0, 129.6, 132.3, 133.5. 
LRMS (EI) m/z: 210 (M+). 
HRMS: Calcd. for C9H779BrO: 209.9680. Found: 209.9674. 
IR (neat): 2922, 2861, 2239, 1469, 1424, 1420, 1052, 1025, 955, 750, 711 cm-1. 
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4-(3-Hydroxyprop-1-yn-1-yl)benzonitrile (20h) [8-24] 
 
Obtained as colorless prisms (recrystallized from AcOEt/hexane, mp 89-90 °C).  
1H NMR (400 MHz, CDCl3/TMS) d (ppm): 2.07 (brs, 1H), 4.53 (s, 2H), 7.51 (d, J = 8.6 Hz, 2H), 7.61 
(d, J = 8.6 Hz, 2H). 
13C{1H} NMR (150 MHz, CDCl3) d (ppm): 51.4, 83.9, 91.7, 111.7, 118.4, 127.5, 132.0, 132.1. 
LRMS (EI) m/z: 157 (M+). 
HRMS: Calcd. for C10H7NO: 157.0528. Found: 157.0532. 
IR (neat): 2961, 2924, 2855, 2236, 1734, 1605, 1559, 1503, 1258, 1019, 840, 798 cm-1. 
 
Methyl 4-(3-hydroxyprop-1-yn-1-yl)benzoate (20i) [8-25] 
 
Obtained as colorless prisms (recrystallized from AcOEt/hexane, mp 82-84 °C).  
1H NMR (400 MHz, CDCl3/TMS) d (ppm): 2.19 (brs, 1H), 3.92 (s, 3H), 4.52 (s, 2H), 7.47 (d, J = 8.4 
Hz, 2H), 7.98 (d, J = 8.4 Hz, 2H). 
13C{1H} NMR (150 MHz, CDCl3) d (ppm): 51.5, 52.3, 84.8, 90.2, 127.2, 129.4, 129.6, 131.5, 166.5. 
LRMS (EI) m/z: 190 (M+). 
HRMS: Calcd. for C11H10O3: 190.0630. Found: 190.0630. 
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3-(4-(Trifluoromethyl)phenyl)prop-2-yn-1-ol (20j) [8-21] 
 
Obtained as yellow prisms (recrystallized from AcOEt/hexane).  
1H NMR (400 MHz, CDCl3/TMS) d (ppm): 1.70 (brs, 1H), 4.52 (s, 2H), 7.54 (d, J = 8.0 Hz, 2H), 7.58 
(d, J = 8.0 Hz, 2H). 
13C{1H} NMR (150 MHz, CDCl3) d (ppm): 51.4, 84.3, 89.7, 123.9 (q, J = 273 Hz), 125.3 (q, J = 3.8 
Hz), 126.4 (q, J = 1.6 Hz), 130.3 (q, J = 32.7 Hz), 131.9. 
LRMS (EI) m/z: 200 (M+). 
HRMS: Calcd. for C10H7F3O: 200.0449. Found: 200.0461. 
IR (neat): 3259, 2863, 1615, 1321, 1122, 953 cm-1. 
 
3-(Pyridi-2-yl)prop-2-yn-1-ol (20k) [8-26] 
 
Obtained as yellow prisms (recrystallized from AcOEt/hexane, mp 79-82 °C).  
1H NMR (400 MHz, CDCl3/TMS) d (ppm): 2.84 (brs, 1H), 4.54 (s, 2H), 7.24-7.26 (m, 1H), 7.44-7.46 
(m, 1H), 7.65-7.69 (m, 1H), 8.56-8.57 (m, 1H). 
13C{1H} NMR (150 MHz, CDCl3) d (ppm): 50.8, 83.7, 88.9, 123.0, 127.2, 136.5, 142.6, 149.6. 
LRMS (EI) m/z: 133 (M+). 
HRMS: Calcd. for C8H7NO: 133.0528. Found: 133.0521. 
IR (neat): 2971, 2247, 1730, 1700, 1653, 1507, 1490, 1092, 1027, 828 cm-1. 
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3-(Thiophen-2-yl)prop-2-yn-1-ol (20l) [8-27] 
 
Obtained as a yellow oil.  
1H NMR (400 MHz, CDCl3/TMS) d (ppm): 2.45 (brs, 1H), 4.50 (s, 2H), 6.95-6.98 (m, 1H), 7.21 (d, J 
= 3.7 Hz, 1H), 7.25-7.27 (m, 1H). 
13C{1H} NMR (150 MHz, CDCl3) d (ppm): 51.6, 79.0, 91.1, 122.3, 126.9, 127.4, 132.4. 
LRMS (EI) m/z: 138 (M+). 
HRMS: Calcd. for C7H6OS: 138.0139. Found: 138.0139. 
IR (neat): 2920, 2854, 2222, 1359, 1189, 1013, 848 cm-1. 
 
3-(Thiophen-3-yl)prop-2-yn-1-ol (20m) [8-28] 
 
Obtained as a yellow oil. 
1H NMR (400 MHz, CDCl3/TMS) d (ppm): 2.00 (brs, 1H), 4.48 (s, 2H), 7.11 (d, J = 4.0 Hz, 1H), 7.26 
(dd, J = 4.0, 2.2 Hz, 1H), 7.45 (d, J = 2.2 Hz, 1H). 
13C{1H} NMR (150 MHz, CDCl3) d (ppm): 51.6, 80.8, 86.8, 121.5, 125.4, 129.1, 129.8. 
LRMS (EI) m/z: 138 (M+). 
HRMS: Calcd. for C7H6OS: 138.0139. Found: 138.0129. 
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Obtained as yellow prisms (recrystallized from AcOEt/hexane, mp 109-110 °C).  
1H NMR (400 MHz, CDCl3/TMS) d (ppm): 1.75 (brs, 2H), 4.51 (s, 4H), 7.37 (s, 4H). 
13C{1H} NMR (150 MHz, CDCl3) d (ppm): 51.6, 85.2, 89.0, 122.6, 131.6. 
LRMS (EI) m/z: 186 (M+). 
HRMS: Calcd. for C12H10O2: 186.0681. Found: 186.0681. 
IR (neat): 2920, 2860, 2235, 1506, 1026, 1017, 954, 826 cm-1. 
 
Procedure of Sodium phenoxide-mediated hydroxymethylation of alkynylsilanes 18a with 
formaldehyde gas (Scheme 4-9). 
 
 
A two-neck round-bottom flask was charged with 18a (105 mg, 0.602 mmol), NaOPh (20.9 mg, 0.180 
mmol), and DMF (5 mL). A separate one-neck round-bottom flask was charged with 
paraformaldehyde (725 mg, 24.1 mmol) and heated to 160 ºC. The generated formaldehyde gas was 
directly bubbled through the DMF using natural rubber tubing. After all of the paraformaldehyde was 
transferred (ca. 20 min), the reaction mixture was stirred at room temperature for 12 h. Then, the 
reaction mixture was quenched with K2CO3 (280 mg, 2.03 mmol) and MeOH (1.6 mL). The mixture 
was stirred at room temperature for 30 min, and H2O (10 mL) was added. The mixture was extracted 
with AcOEt (10 mL × 3), washed with H2O (10 mL) and brine (10 mL), dried over Na2SO4, and 
concentrated. The crude material was purified by column chromatography on silica gel to afford 20a. 
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